Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 






A MANUAL 



OF 



QUALITATIVE ANALYSIS. 



A MANUAL 



■< 



qualitati^Analysis. 



EOBEBT gALLOWAY, P.C.S., 



FIFTH EDITION. 
BttrriUnt and Btdarged. WUh Flait a»d otltr ItlattmtioKt. 



LONDON: 
JOHN CHURCHILL AUD SONS. NEW BOBLINOTON STEKET. 



cw 



^YYV 



(o(o^>'lo,:h 









I 



E 



I- 



.'^l-V^ 



w- 



ttuL. 



li(U^KJ^Urjjy^l^<. v.-0M^ 



PKIKTED BY 
J. B. ADLABD, BABTBOLOHEW CLOBX 



PEEFACB 



TO THS 



FIFTH EDITION. 



This Edition contains numerous and important additions, 
and some alterations bare been made in tbe arrangement of 
the different divisions of tbe book ; but the plan or scheme 
of analysis which formed the foundation of the First Edition, 
and which is explained in the Preface to the Second and in 
the Introduction to the present one, remains unchanged, 
and is the foundation of the present as it was of all the 
preyious Editions. I have continued it, not simply because 
other teachers, as well as myself, prefer it to the system 
of Eresenius or that of the Giessen outlines, having found 
it more successful, especially with students who can only 
devote a portion of their time to the study of analytical 
chemistry, but because I believe it to be in accordance with 
the laws of thought. (1) It exhibits a like progression to 
the mind; it begins with a few subjects and successively 
adds to them until the entire system is reached; it pro- 
ceeds, in short, from the simple to the complex. (2) The 
Tables are not constructed on the bad system of the Giessen 
outlines and some other analytical works, or on the system of 
Eresenius, which is quite as &ulty, and still more unpractical 
for the learner — of telling this and ihomng that, making the 
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learner a mere recipient — but on the better sjstem of making 
the student compare, distinguish, ju^ge ; bo that thus, instead of 
being a recipient, he may become an intelligent and active 
discoverer. In addition to the methods developed in the Tables 
for separating the members of the different groups, others 
are given in this Edition which the student ought to practise 
as soon as he can examine substances correctly bj the methods 
given in the Tables. 

The old system of teaching Practical Chemistry had some 
advantages over the method now generally in use. I have 
endeavoured in the present Edition to remove the defects of 
the present system by describing very fully the properties of 
the metals, their oxides and chief salts, in order that the 
student may carry on wi^h the study of analysis other experi- 
mental inquiries, either by preparing substances or by study- 
ing other than the analytical properties of bodies. 

I have given at the end of each group and important divi- 
sion of the book a series of examination questions in Practical 
Chemistry; many of them, so far as I am aware, are of 
an entirely new character, and these have been framed, not for 
testing the memory, which is the only faculty of the mind 
exercised by the questions usually given at chemical exa- 
minations, but for ascertaining whether the student has so 
studied the science that he is capable of reasoning upon 
it. Owiog to memory-questions forming the bulk of the 
questions usually given at chemical examinations, it has 
become no uncommon practice with those who are going in for 
examination, to commit to memory some one of the smaller 
text books on the science, or the pet subjects of the examiner. 
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As the new class of questions I have given cannot be answered 
by the cramming process, I believe they will ultimately be 
as generally adopted as what are termed the 'arithmetical 
questions,' Vhich I was the first to introduce in my ' First Step 
in Chemistry.* 

In the portion of the work more immediately devoted to 
analysis the following are some of the additions which have 
been made: — Ist. Bunsen*s flame reactions have been given, 
with a plate of figures of the apparatus. 2nd. The detection 
of the poisonous metals and acid-radicals in the presence of 
organic matter. 3rd. Additional tests for the detection of the 
individual alkaloids, and more complete systematic methods 
for the detection of these bodies. 

The new notation has been adopted ; and the division of the 
book into three chief parts, and the arrangement of these parts, 
will, I hope, be found to be an improvement. 

In conclusion, allow me to direct the student's attention to 
the following extract from Thomas Carlyle's ' Address to the 
Students of the University of Edinburgh :' — " By diligence I 
mean among other things — and very chiefly — ^honesty in all 
your inquiries. Pursue your studies in the way your con- 
science calls honest. More and more endeavour to do that. 
Keep, I mean to say, an accurate separation of what you have 
really come to know in your own minds, and what is still 
unknown. Be careful not to stamp a thing as known when 
you do not yet know it. Count a thing known only when it 
is stamped on your mind, so that you may survey it on all 
sides with intelligence. There is such a thing as a man 
endeavouring to persuade himself, and endeavouring to per- 

b 
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Buade others, that he knows about things when he does not 
know more than the outside skin of them, and he goes 
flourishing about with them. There is aIbo a process called 
cramming in some universities — ^that is, getting up such 
points of things as the examiner is likely to put questions 
about. Avoid all that ; it is entirely unworthy of an honor- 
able habit. QraduaUy see what kind of work you can do ; 
for it is the first of all problems for a man to find out what 
kind of work he is to do in this universe. In fact, morality as 
regards study is, as in all other things, the primary considera- 
tion, and overrides all others. A dishonest man cannot do 

anything real He does nothing but darken counsel by 

the words he utters." 



EOBEET GALLOWAY. 



December, 1869. 



PRE FACE 



TO THB 



SECOND EDITION. 



In issuing a New Edition of ibis Manual, I will here briefly 
describe the scheme or plan of analysis developed in the 
Work, and the way in which the book ought to be used. 

In ail other works on Qualitative Analysis with which I 
am acquainted, the properties of the bases and acids, and the 
application of these properties to the analysis of substances, 
are treated separately. As a consequence, the student, when 
he goes through the experiments on each base and acid, 
performs these illustrations of the properties without per- 
ceiving their use or application. In the part of the Work 
devoted to the analytical course, he is told what to do either 
by tables (as in the ' Giessen Outlines,' and some other 
works), or, as in Eresenius, by a more tedious and, in my 
opinion, as defective a method. The principles upon which 
these instructions are based are not given with the instructions, 
but in a separate chapter of the Work ; and unless the student 
is able himself to unite the two-^the principles with the 
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practical instruction — he becomes a mere analytical machine. 
Students who can give their whole time and attention to the 
study of the science can, if they will, accomplish this ; but I 
have found by experience that those who can only devote 
some five or six hours in the week to the acquirement of the 
science fail to become intelligent analysts by this system. 

The system is very difficult, as well as defective ; it is so 
difficult that those who employ it generally teach one thing, 
useless in itself, in order that they may teach another ; they 
teach the student first to look for one acid and one base — a 
limitation which is not adopted in actual practice— solely for 
the purpose of rendering the course in which they have to 
look for all the bases and acids less difficult. 

In the plan I have adopted the properties of the different 
members of each group are contrasted by placing them in 
parallel columns ; the advantage of this is, that the student, 
after he has performed the experiments, is able himself to 
devise methods for the detection and separation of the different 
members ; it places him, in fact, in the position of a judge who 
has to decide some cause after having heard all the pleadings. 
It enables him also to judge for himself how many different 
methods might be adopted in the separation of substances ; 
it therefore enlarges his views, and enables him to reason on 
the methods he adopts. 

This Manual is intended to be used in the following way : — 
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The student commences with the first group; and after he 
has performed all the experiments given in the tahle of that 
group, several analyses are given him, each of which he 
examines for the members of this group. When he can 
perform these practical exercises correctly, he commences the 
second group — first performing the experiments in the group, 
and then analysing several solutions for the members of this 
group. When he can perform these correctly, he examines 
several solutions for the members of the first and second 
groups. In this progressive way he passes through the 
groups; so that by the time be has completed them he wiU 
have become an accurate analyst. 

In the former Edition I proposed, and partially carried out, 
the division of the third group of bases, by employing am- 
monia as a group reagent ; this alteration not only simplifies 
the subject, but it makes the plan of analysis taught in the 
laboratory more consonant with the methods adopted in actual 
practice. This alteration is fully carried out in this Edition, 
and a more complete description of the properties of the basic 
groups is given. I have also given in this Edition an outline 
of the special tests to be adopted in the detection of the acids, 
and considerable additions have been made in the Chapter on 
the Preliminary Examination of Solids. I have also introduced 
a new feature at the very commencement of the book ; a series 
of experimental exercises are given, illustrating the principles 
upon which analytical operations are based, which it is 
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intended the student should perforin before he commences 
the groups. My aim in writing the book has been to furnish 
a suitable guide to the beginner ; and I confidently hope that 
this Edition will be found superior to the former in this 
respect, and that it is what I wish it to be — a Student's 
Book. 

E. G. 



Dublin, Nov,^ 1867. 
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PBELIimrABY BEHABEB, 1. HoW THE BOOK OXJOnT TO BE 
STUDIED, 6. SOUBCES OE EBBOB, 11. AbBAKGEMENT 01* 
THE BEBFLTS OE AK ANALYSIS, 12. 

1. Preliminary remarks.^-The object of qualitative analysis 
is to ascertain what elements are present, and how they are 
combined in substances of unknown composition. The object 
of quantitative analysis is to determine the quantity of each 
element present in substances. Hence, qualitative must 
always precede quantitative analysis, and in numerous cases 
it is not necessary to make a quantitative investigation, 
the quality of the substance affording all the information that 
is required. Qualitative and quantitative analysis, forming, 
therefore, two distinct branches of chemical analysis, are 
studied separately and independently of each other, and the 
study of the former, by which the component parts of sub- 
stances are revealed, naturally precedes that of the latter. 

2. The complete aim of qualitative analysis is to discover 
unknown as well as known bodies in substances, but it will be 
manifest that a course of qualitative analysis designed to teach 
students this branch of analytical chemistry must be more re- 
stricted ; not only must the unknown form no part of the 
scheme, but those elements and compounds must also be ex- 
cluded whichy from their rarity or from their having no useful 

1 
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application, are comparatively ud important. Organic bodies, 
with the exception of a few of tbe more commonly occurring 
organic acids, are also excluded, and a student's course is con- 
fined, with the exception named, to the inorganic or mineral 
substances which are commonly met with in nature, or which 
have some useful application. A couirse of this kind is given in 
Part I of this book. 

3. The methods of qualitative analysis consist in bringing 
the substance under examination in contact with other bodies 
of known properties, and observing the phenomena which ensue. 
These phenomena consist in alterations of form or colour, de- 
pending upon some chemical change ; the change of form most 
frequent is the formation of a. precipitate Yfhich, in many cases, 
possesses a characteristic colour, but sometimes effervescence 
takes place, and sometimes deflagration. The bodies with 
which the substance under examination is brought into con- 
tact are called tests or reagents, and the phenomena pro- 
duced by their contact with the substance are called relictions. 
Acids, bases, salts, and elements are alike used as reagents, 
and the methods for preparing them in a state of purity, and 
the preparation of their solntions, are described in Fart III of 
the book, along with a description of the principal operations 
employed in analysis, and a list of the apparatus required. 
Reagents employed for the detection of individual bodies are 
called special reagents; reagents which are employed to detect 
groups of substances are called general or group reagents, A 
special reagent is said to be characteristic when it produces 
a reaction so decisive that it admits of no mistake. 

4. It has not only to be proved, in complete and accurate 
analytical investigations, that certain substances are present, 
but it has also to be proved, which is generally more difficult, 
that all other bodies but those discovered are absent. This 
cannot be accomplished by testing indiscriminately and sepa- 
rately for each base and acid radical ; it requires, not only that 
the reagents be added in a certain order, but that the bodies 
which have to be sought for be separated first into groups or 

fomiliesj and afterwards each group divided and subdivided 
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until the presence or absence of each of its members is in- 
dubitably established. The separation of bodies into groups 
is effected by observing some chemical property common to 
several substances, and peculiar to them, by which means they 
can be classified into a group and all other bodies excluded 

5. The analyst by means of reagents interrogates the sub- 
stance to be analysed as to what are its component parts; 
the reactions are the language in which the answer is re- 
turned. The student has, therefore, to learn the mode of 
questioning the substance and the language in which the 
answer will be conveyed ; in other words, he has to leam, not 
only what general and special reagents are to be employed, 
but the order in which they are to be applied, and also the 
reactions they produce with the bases and acid-radicals, before 
he can attempt to search for these bodies in substances. No 
amount of reading or lecture-hearing wiU furnish the student 
with this knowledge ; he can only obtain it by making the ex- 
periments himself of the different bases and acid-radicals with 
the reagents, and '' he must always reflect^ before the addition of 
the reagent^ for what purpose he applies it, and what are the pheno- 
mena he intends to produce,'^ and the conditions indispensable for 
the production of correct and decisive reactions must be carefully 
observed, for a half knowledge in all deaprtments of science is 
of little worth, but in chemical analysis it is worse than useless. 
The phrase 'the behaviour or deportment of bodies with re- 
agents' is frequently substituted for the term reactions. 

6. How the hook ought to be studied, — In the group tables 
the behaviour of the different members of the group with the 
spedal reagents are contrasted by placing them in parallel 
columns ; the student has to perform these experiments, and to 
note the analogies and differences the members display with 
the same reagents. The order in which the experiments are 
to be made will be best explained by the aid of Table I ; the 
experiments in the paragraphs marked A 1, B 1, and C 1, 
are first made, and in the order given ; then those in A 2, B 2, 
and C 2 ; then those in A 3, B 8, and 3 ; and, finally, those 
in A 4, B 4, and 4. In making the experiments the con- 



4t P£ELIMINABY BEMABES. 

ditions which favour or prevent precipitation, together with 
the appearances of the precipitates, must be carefully noted 
and remembered, and in all the experiments the chemical 
change must be described, when possible, in the form of a 
diagram or equation in the student's note-book. The student, 
after he has made the experiments, will be able of himself to 
devise methods for the separation and detection of the different 
members ; the knowledge he has acquired of the properties of 
the bodies places him, in fact, in the position of a judge who 
has to decide some cause, after having heard all the pleadings. 
He will also be able to decide whether more methods than one 
could be adopted for the separation of the members by the 
aid of the reagents given in the table. After he has devised 
a method for the separation of the members of a group, he 
compares it with the one given in the text. He may then 
proceed to perform the experiments on the different members 
given under the head of " Remarks on the Individual Members." 

7. The student commences with the fibst qboup, and after 
he has performed all the experiments as previously described 
several solutions are given him, each of which he examines for 
the members of the group. When he can perform these prac- 
tical exercises correctly, he proceeds to the second gboup, 
first performing the experiments and then analysing several 
solutions for the members. When he can perform these ex- 
ercises correctly, he learns by experiment how to separate the 
twe groups by means of Table VII. He then analyses several 
solutions for the members of the first and second groups. 
When he has completed all the basic groups in the manner 
described, he should analyse about twenty different solutions, 
and look for all the bases given, after which the experiments 
given under the different acids must be performed. The student 
is then capable of undertaking a complete course of qualitative 
analysis, commencing with substances already in a state of 
solution, and concluding with the examination of solids. 

8. In this edition the behaviour of the bases and acid radi- 
cals with a larger number of reagents has been given, and also 
more methods for the separation of substances. The student 
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ought, after he can analyse solutions for the members of a 
group by one method correctly, analyse other solutions of the 
same group by another method, and so learn all the different 
methods given for the separation and detection of the different 
members of any group. He ought, whilst studying each 
group, learn to prepare the solutions of the reagents in that 
group, and also the reagents themselves when methods for 
their preparation are given in Part III. He ought also to 
study carefully the pbopebties of the metals jltxj} the 
SALTS, and it would be well if he were to make some of the 
experiments there described ; answers to the questions given 
on each group must also be written out. 
9. The bases are divided into the following groups : 



Gsoup I. 

Potassic Oxide. 
Sodic Oxide. 
Ammonic Oxide. 

Gboup II. 

Ist Division, 

Baric Oxide. 
Strontic Oxide. 
Calcic Oxide. 

2nd Division, 
Magnesic Oxide. 

gbottp in. 

Zincic Oxide. 
Manganous Oxide. 
Nickelous Oxide. 
Cobaltous Oxide. 

Gbottp IV. 
Alnminic Oxide. 
Chromic Oxide. 
Perrous Oxide. 
Perric Oxide. 



Gboup V. 

Arsenious Acid. 
Awenic Acid. 
Antimonous Oxide. 
Stannous Oxide. 
Stannic Oxide. 
Auric Oxide. 
Platinic Oxide. 

Gboup VI. 

1st Division, 

Argentic Oxide. 
Mercurous Oxide. 
Plumbic Oxide. 

2nd Division. 

Plumbic Oxide. 
Mercuric Oxide. 
Bismuthous Oxide. 
Cadmic Oxide. 
Cupric Oxide. 
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10. We may here point out another advantage arising from 
the separation of substances into groups. It is as easy, for in- 
stance, to discover the absence or presence of a group as that of 
an individual substance ; and the absence of a group being 
proved, it is unnecessary to examine further for any member 
contained in it. 

11. Sources of error. — One frequent source of error with 
the young analyst is the imperfect mixture of the reagents 
with the solutions to which they are added. Another prolific 
source of error is the too liberal or the too sparing addition of 
the reagent, both being objectionable. To show the objection- 
able nature of a too sparing addition of the reagent, we will 
suppose the student to be examining a solution for barium and 
calcium ; we will further suppose he has added potassic chro- 
mate and obtained a precipitate,* which proves the presence 
of Ba. He filters, and to the filtrate he adds ammonic oxalate 
to test for Ca ; he obtains a precipitate with ammonic oxa- 
late, although Ca is absent, because he has not added a sufficient 
quantity of the potassic chromate to precipitate all the Ba : 
thus, by the imperfect addition of a reagent, he arrives at a 
wrong conclusion. This fruitful source of error, viz., imperfect 
precipitation, may be avoided by adding to the filtrate a little 
more of the reagent with which the precipitation was effected. 
If this produces no further precipitate, the substance has been 
fully precipitated. Should a further precipitate be produced, 
it must be removed by filtration before attempting to throw 
down any other substance. The student must also carefully 
distinguish between the terms precipitate and filtratCy and be 
very particular in thoroughly washing the precipitates which 
require further examination. The wash-water must not be 
collected virith the filtrate, if this last should be required for 
further examination. But all these precautions will have been 

* Whenever a precipitate ib obtained, it must be separated from the 
flaid hjJiUraiiou, if either the fluid or the precipitate has to be examined 
Airther; the flaid for other substances, the precipitate for the detection of 
the several substances which may have been precipitated, or for the con- 
flrmation of any one substanoe. 
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attended to in vain should the experiments be performed in 
diriy apparatus, this being sufficient of itself to render the 
results unsatisfactory, if not erroneous. 

12. Arrangement of the results ofikemnalyeis, — ^The student, 
during the course of his analytical studies, ought invariably to 
record the results of each analysis in his note-book, in a sys- 
tematic and tabular form. An illustration is given to show the 
method to be pursued* 

13. Preliminary examination of a solid substance, — 1st. It 
ie a colourless, crystallized substance, probably a salt. 2nd. 
Heated alone on charcoal, it deflagrates ; a white, infusible 
subatance remaining behind, which becomes lumiDous, and 
imparts a crimson colour to the flame, probably strontia. 3rd. 
Soluble in water ; the solution is neutral to test-paper. As it 
is soluble in water, a large number of substances, all the in- 
soluble salts, must be absent ; as it is neutral to test-paper, all 
the salts of the alkalies and alkaline earths having an fdkaline 
reaction must be absent ; and the soluble salts of the other 
metals, with the exception of manganese and silver, must be 
absent, because their soluble neutral salts redden blue litmus 
paper. 

14. The preliminary experiments indicate the presence of 
strontic nitrate. 

15. Examination for acids and acid radicals, — The following 
adds, viz. COj, HgS, AsjOj, AsgO^, and CrOj, were proved to be 
absent on the examination for the bases. 

16. The remainder of the acids, which give precipitates with 
a baric salt, could not be present ; as they likewise form, with 
strontic salts, insoluble salts. 

17. Added to a portion of the original solution AgNOs, 
no precipitate ; absent, CI, Cy, Br, and I. 

18. Added to another portion n2S04, and copper turn- 
ings, nitrous fumes were evolved, showing the presence of 
nitric acid. 

19. The examination for chloric acid yielded a negative 
result. 
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20. A few of the rarer elements and compounds have been 
given, but as they do not form a part of the course, they are 
not included in the tables; they are distinguished from the 
more commonly occurring ones by being printed in smaller 
type. 

21. Part II is intended for advanced students. 



PROPERTIES OP THE BASIC GROUPS. 

FiBST Gbotjp. 
PoTASSio oubb (KjO). Sonic Oitob (Na^O). Ammowic 

OXIBB (NR^P). LiTHIC OXIBB (LigO). 

Soluiionsfor the reactions *—KC\, NaCl, NH^Cl, LiCl, in 
water. 

22. There are certain names in frequent use for these oxides^ 
their hydrates and salts, which it is necessary for the student 
to be familiar with at the very outset. 1st. Potash^ soda, am^ 
mania, lithia, are names very frequently and indiscriminately 
employed for these oxides and their hydrates ; but the terms 
caustic potash, caustic soda, &c,, are strictly limited to the 
hydrates; thus the term caustic potash invariably signifies 
KHO. 2nd. These oxides, and no others,f are termed ^the 
alkalies;* this term is also indiscriminately employed for the 
oxides and hydrates; but the term *the caustic alkalies^ in- 
variably signifies the hydrates, drd. Potash, soda, lithia, and 
their salts, are not volatile at a moderate heat, whilst ammonia 
and its salts are volatile; the first, three are therefore fre- 
quently called the Jtxed alkalies, whilst the fourth is called the 
volatile alkali. 4th. Their salts are termed ' salts of the alka- 
lies,* or ' alkaline salts ;' and ' nitrates, of the alkalies,* * alkaline ' 
chlorides/ and similar terms are in constant use. 

* At the head of each group will be given the solution of salts which 
may he emploved for the reactions, 
t With the exception of two rare ones, viz. csesic and mbidic oxides. 
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TABLE I. 

BSHATIOTTB or THX FIRST OBOUP WITH XHX SPBOtA£ SXiSKfTB. 



(Nfl4).0. 

A 1. Ammonia and its salts 
are volatile. 

A 2. All ammonic salts are 
decomposed with the liberation of 
free ammonia, when any stronger 
base, such as CaHjO,,* KHO or 
NaUO, is added to their solntions. 
If the liquid be gently heated, the 
ammonia is volatilized, and its 
prraenoe may then be recognised 
in three distinct ways. a. By its 
pnngent odour, /3. By turning 
red litmus paper bUte, y. By 
forming white fumes, when any 
volatile acid, as HCl, is brought 
into contact with it.t 

A 8. HjC4H40g = H2T, in solu- 
tion, produces in neutral or alka- 
line solutions of NH4 a white 
crystalline precipitate of NH4 

HC4H40e = NH4HT; which is 
rather more soluble in water than 
the corresponding potassic salt. 
Vigorous shaking promotes the 
formation of this and the cor- 
responding potassic salt. 



A 4. Ammonic compounds im< 
part to a lamp flame no charac- 
teristic colour. 



KsO. 

B 1. Potash and its 
salts are not volatile, 

B 2. When potassic 
salts are decomposed by 
a stronger base, KHO 
is liberated, but, not 
being volatile like am- 
monia, cannot be de- 
tected in a similar way. 



B8. HsT, in solution, 
throws down from nen- 
tral or alkaline solu- 
tions of K a white 
crystalline precipitate 

ofKHf! This salt, and 
the corresponding am- 
monic one, are soluble 
in free alkalies and free 
mineral acids. Slightly 
soluble in cold, much 
more so in hot water. 
(ConMtZ^par. 44.) 

B 4. Potassic com- 
pounds tinge the outer 
lamp flame violet. 
{Consult par. 46.) 



Na,0. 

C 1. Soda and its 
salts are not volatile. 

C 2. When sodic salts 
are decomposed by a 
stronger base, NaHO is 
liberated, but, not being 
volatile like ammonia, 
cannot be detected in a 
similar manner. 



C 8. H3T in solution, 
produces no precipitate 
in solntions of Na, ex- 
cept in extremeljif con- 
centrated solutions, 

NaHT being soluble. 



C 4. Sodic compounds 
impart to the outer 
lamp flame an intense 
TXLLOW colour. Small 
quantities of Na can by 
this means be detected 
in the presence of much 
K, the yellow flame 
overpowering the violet. 
{See par. 51.) 



* If CaH^O, is employed, it must be in the solid state, not in solution. 

t This experiment is best performed by inserting a glass rod moistened with 
HCl into the mouth of the test-tube in which the decomposition of the ammonic 
salt is being eflected, and immediately withdrawing it. The HCl employed 
should not be concentrated, but should be diluted with an equal volume of water. 
{Consult par. 40.) 
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23. How TO ASCEBTAIK THE PBESENCB OB ABSENCE OF 
SACH OF THE THBEE MEMBEB8 OF THIS GBOUF IK A SOLUTION 
WHICH CAjr ONLY CONTAIN THESE THBEE BASES. — The Onlj 

test for a potaBsic compound which can be relied upon in the 
presence of an amnionic one is the flame reaction (B 4), as the 
reagents which precipitate K from its solutions form precipi- 
tates similar in appearance with NH^ ; it is necessary, there- 
fore, to get rid of the ammonic compound, if one is present, 
before HjT or FtCl^ can be employed as a characteristic 
test for K ; consequently ammonia has to be sought for first, 
and as the reagent employed for its detection would be an 
impediment (A 2) when searching for the other two members^ 
we, on this accoimt, test for ammonia in a portion only of the 
solntion under examination ; we divide, therefore, the solution 
into two parts, which we shall call A and B. 

24. In A we examine for ammonia according to the method 
described in A 2 and par. 40, or> by the one described in 
par. 42 ; these are characteristic tests for ammonia, distinguish- 
ing it from other substances. When ammonia is absent 
examine the B portion according to par. 25, and when it is 
present according to par. 26. 

25. Examine for sodic and potassic compounds in the fol- 
lowing way: — A clean (see Precautions, par. 28) platinum 
wire is dipped into the solution, and then introduced into the 
flame of a Bunsen's gas lamp. If the flame is coloured yellow^ 
Na is present ; if it is coloured violet^ it proves the absence of 
Na (C 4) and the presence of K (B 4). If Na is present^ 
examine for K by the photo-chemical method (par. 46). The 
presence ofK may be confirmed by adding to the solution under 
examination, which must be cold (B 3), a solution of H^T or 
KaHT (see par. 44) in excess, and shaking the mixed liquid 
very yiolently, and then allowing it to rest for some time ; if a 
crystalline precipitate appears after this, K is present (B 3). 
The time required for the appearance of the precipitate 
depends upon the amount of K in the solution ; if the quantity 
of £ is small, the precipitate may not appear until several 
hours after the addition of the reagent. 
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26. The solution must be evaporated to drjrness and ignited^ 
in order to volatilize the ammonic substance (A 1) ; the ig- 
nition must be continued as long as any white fumes or smoke 
are evolved. If a residue remains, after the expulsion of the 
ammonic body, one or both of the other two members of the 
group are present; this residue must be dissolved in the 
smallest possible quantity of water, and examined for K and 
Na, in the way described in the preceding paragraph. 

27. When the examination is not confined to the 
alkalies, but all, ob, at least, some of the otheb bases 

HATE TO BE SOUGHT FOB IN THE SOLUTION, the SOlutioU, after 

being freed from all the other bases but MgO and those of 
the first group, must be evaporated to dryness, and ignited, to 
expel the ammonic salts, which have been added for their dis- 
covery. If a residue remain,* after the vapour of the am- 
monic salts has ceased to be evolved, it must be examined for 
K and Na, in the way described in par. 25. In this case — 
that is, when other bases besides those of the first group have 
to be sought for — NH4 is to be tested for in a part of the 
original solution, 

28. The following precautions are to he attended to in the ana- 
lysis of this group, — Moist turmeric paper will turn hroum by 
the mere exposure for a short time to the atmosphere of the 
laboratory, owing to the ammonia present in the air ; this 
must be remembered in testing for ammonia in the manner 
described in par. 40. If the test-paper does not Irown 
in the course of a few seconds or a minute^ no ammonic com- 
pound is present, and the browning which may occur by longer 
exposure must be regarded as due to the ammonia in the air. 
In testing for potassic or sodic compounds by the lamp-flame, 
it is necessary that the platinum wire should be perfectly 
clean ; this is secured by keeping it in the lamp-flame until it 
imparts no colour to it. Care should then be taken not to 
touch with the fingers that end of it on which the substance 

* A fixed residue is not a certain proof of the presence of potash or soda, 
as it may arise from the presence of one of the non-yolatile acids, via. 
phosphoric, boracic, or silicic acid. 
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to be examined is to be placed. The flame reaction is not a 
reliable test for K in the presence of organic matter, as organic 
substances which bum with the separation of carbon colour 
the flame violet ; organic matter, if present, must be got rid 
of by igniting the substance if it is a solid, or if a solution by 
eyaporating it to dryness, and then igniting the residue ; in 
either case the solid after ignition ought to be dissolved in a 
small quantity of water and filtered, if, after the water is added, 
any brownish-black particles appear. Young students seldom 
continue the ignition for the expulsion of the ammonic salts 
sufficiently long, and if these solids are not completely expelled 
precipitates will be obtained with HjT, NaHT. PtCi^, which 
will be regarded as indicative of the presence of a potassic 
compound. The solution must be as concentrated as possible 
for the detection of K by H^T or NaHT, and the student is 
directed to par. 41 as regards the neutrality, acidity, and 
alkalinity of the liquids. 

PbOPERTIES of the metals, the oxides, the SULFHIDESy 
THE CHLOBLDES^ THE NITBATES, THE BVLFHATES, OF THIS 
GBOUP. 

29. OHie metals, — K, Na, and Li are lighter than HjO. Li 
is tbe lightest of all known solids ; the sp. gr. of Na is 0'985» 
that of K is 0865, and that of Li 0-589. K melts at 62o° C, 
Na at 95-5^ C, and Li at 180° C. At a red heat K and Na 
may be distilled ; the vapour of K is a beautiful green colour, 
that of Na is colourless ; Li is volatile at high temperatures. 
These three metals oxidize on exposure to air ; K is the most 
and Li the least oxidizable of the three ; they decompose water at 
all temperatures, uniting with the oxygen and liberating the 
hydrogen ; K decomposes it most rapidly, the hydrogen taking 
fire from the heat evolved by the combination of the metal 
with O. They combine directly with CI, I, Br, 8, &c. 

30. The oxides. — KjO, NagO, LijO may be obtained either 
by introducing the metals into an atmosphere of oxygen or by 
heating the metals and their hydric oxides together in equiva- 
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lent proportions. KjO and Na^O melt at a red heat, and vola- 
tilize without decomposition at verj high temperatures ; these 
two oxides attract H2O very rapidly from the air, and after 
they have become hydrated they cannot be dehydrated by 
heat alone. These anhydrous oxides are instantly converted 
into the hydrates on being brought into contact with H2O, 
and it is in the form of hydrates they are employed in the 
laboratory and in the arts ; the anhydrous oxides are, therefore, 
unimportant. 

The hydrates, — KHO and NaHO are usually prepared from 
K2CO3 and Na^COj, by adding to boiling solutions of these 
salts CaHsOj until the clear solution no longer effervesces 
on the addition of H CI in excess. They may also be obtained, 
and it is in this way that LiHO is generally prepared, by 
adding to a solution of their sulphates a solution of BaH202. 
These hydrates are white solids ; they melt below redness, and 
EHO and NaHO volatilize at a pide red heat ; LiHO does 
not appear to volatilize at a white heat. KHO and JSTaHO 
absorb HjO and 00^ from the air ; by the absorption of the 
HjO they are converted into syrupy liquids ; as they become 
transformed into carbonates, the syrupy solution of the pot- 
ash continues, whereas the soda becomes converted into an 
efflorescent paste, because E^COj is deliquescent and Na^CO^ 
is not ; LiHO absorbs COj irom the air, but not H^O. They 
are soluble in water and alcohol ; LiHO is the least soluble of 
the three. Their aqueous solutions are very alkaline and 
absorb CO^ from the air. These alkalies are not reducible by 
H; KHO and NaHO are reducible by C, the K and Na 
passing off in vapour ; but Li and the metals of the next group, 
although they have less afibity for O than K and Na, cannot 
be obtained in this manner, their oxides not being reducible 
by G because the metals are not sufficiently volatile to pass off 
in vapour. Heated in a current of CI, they are converted 
into chlorides with disengagement of O. A current of CI 
passed into their solutions converts them into a mixture of 
alkaline chlorides, and, according to the strength of the sola- 
tion and the temperature, alkaline hifpoohlorites or eklorateM ; 
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if the solutiona are weak and not heated, hypochlorites are 
prodaoed, when these conditions are reversed the chlorates are 
formed. When fused with S at a temperature not ahove 
200^ C, or if the S is boiled in their solutions, an alkaline hypo- 
sulphite and an alkaline polysulphide are formed ; but if the 
reaction takes place at a red heat an alkaline sulphate and an 
alkaline pentasulphide are produced. By the action of P on 
the alkalies a mixture of alkaline hypophosphites and phos- 
phides is formed. The alkalies dissolve alumina and silica, 
and attack glass and porcelain ; the student will study the 
behayiour of the insoluble basic oxides with the alkalies in the 
next groups. 

31. NH^. — This radical has never been obtained uncom- 
bined ; when set free from its combinations it decomposes at 
the same moment, if it exists at all, into NH3 and H. Although 
it has never been isolated, the theory of its existence is 
considered to derive great support from the £ict that Hg forms 
with NH^ as it does with the true metals, an amalgam. This 
compound of Hg and NH^ is easily obtained by introducing 
sodium amalgam into a strong solution of NH4CI ; the Na 
rapidly dissolves by combining with the CI, the liberated NH^ 
combining with the Hg ; a soft buttery mass is thus obtained, 
occupying an enormous volume compared with that of the 
Hg by itself. 

32. NHg and NH4HO. — The name ammonia has been 
given to these two different compounds ; the first is a gas, 
and the other is obtained by dissolving the gas in water ; the 
same name was given to the gas and its solution, because it 
was considered the gas suffered no chemical change by its so- 
lution in water, inasmuch as it (NH3) is not only expelled 
from the solution by heat, but it even escapes from it at the 
ordinary temperature of the air ; and the solution likewise 
retains the 9mell and other properties of the gas ; hence the 
gas and its solution was regarded as the same chemical com- 
pound. They are now viewed as two distinct compounds. It is 
supposed that when NH3 is dissolved in HjO, they enter into 
combination in equivalent proportions, NH4HO (ammonic 
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hydrate) beiog formed, corresponding to KHO and NaHO, 
the compound radical NH^ having functions similar to the 
simple bodies K and Na. The radical NH^ is supposed to 
exist in All ammonic salts, whether the salts be formed by the 
action of the acids on NH^HO or on NH3 ; thus— 

(1) 2NH4HO + H2SO4 = (N'E;)^0^ + 2H2O. 

(2) 2NH3 + H2SO4 = (NHJ,S04. 

NH3 is remarkable for its pungent and peculiar smell, 
which is shared bj the hydrate ; the gas and the liquid have a 
strong alkaline reaction, and they both neutralize the strong- 
est acids. 

33. The sulphides, including the ammonic, may be obtained 
by dividing a solution of them into equal portions, and passing 
through one portion H^S to saturation ; an alkaline sulph-hy- 
drate (MKS) is formed ; on adding to this the other portion, 
the sulphide is produced; thus, MHS + MHO = MgS + HjO; 
KjS and Na^S may be obtained by deoxidizing their sul- 
phates with H or C at a red heat. Their solutions have 
an alkaline reaction, and are colourless at first, but after 
a time they become coloured from absorbing O from the air, 
and becoming transformed into a mixture of free alkali and a 
polysulphide. If heated in contact with the air or O, they 
become converted into sulphates. They readily dissolve S, and 
are converted into polysulphides. Acids decompose them with 
liberation of HjS. 

34. The chlorides may be formed by dissolving the alkalies 
or their carbonates in HCl ; these salts are soluble in water, 
and are sparingly soluble in spirit of wine ; their solutions are 
neutral to test paper. NH^Cl does not volatilize at 100^ C, 
but at higher temperatures it yolatilizes readily without 
decomposition ; heated in open vessels, KCl, NaCl, and Li CI 
Yolatilize at a red heat. The double salts they form vrith PtCl^ 
are noticed in pars. 41, 45,^5, 57. KCl and NaCl, when 
evaporated with excess of H2O and HNO^, are converted into 
oxalates and nitrates, and on igniting these two chlorides 
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with (NH^2^f alkaline carbonates are formed in considerable 
quantities. 

85. The nUratei may be formed \>j adding HNO3 to the alka- 
lies or their carbonates. They are readily soluble in H^O, only 
slightly soluble in spirit of wine ; their solutions are neutral to 
test-paper. They liquefy on application of heat ; at a red heat 
NaNOs and KNO3 are converted by the expulsion of one 
third of their into nitrites, and at a still stronger heat a 
farther quantity of O, along with all the N, is expelled, and a 
mixture of the pro- and per-oxides of the metals remains ; at 
108'' C, NH4NO3 liquefies, and at 249° C. it undergoes complete 
decomposition into NjO and H^O. The fixed alkaline nitrates 
heated with G and with S are conyerted into carbonates and 
sulphates, the N being expelled ; when they are ignited with 
NH4CI, or in a current of dry HCi gas, they are converted 
into chlorides; and if repeatedly evaporated with excess of 
liquid HCI, they are completely converted into chlorides. If 
they are also repeatedly evaporated with H2O in excess, they 
are converted into oxalates. 

36. The 9ulphate8 may be formed by adding H2SO4 to the 
alkalies or their carbonates, or by evaporating the nitrates or 
chlorides with H2SO4. They are soluble in water; the solution 
of those the general formula for which is M28O4 is neutral to 
test-paper; the solution of those whose general formula is 
MHSO4 is acid to test-paper. K^O^ and "Nsl^O^, at a 
white heat, are slightly decomposed; (N'K^^O^ melts at 
140** C, and between 260° C, and 815° C. it volatilizes 
and undergoes decomposition, (^1X4)2803 being among the 
products. Ee decomposes K2SO4 and ^82864 at a red heat, 
the alkalies are liberated, and a mixture of sulphide and oxide 
of iron formed ; they are converted into chlorides by ignition 
with NH4CI, and we have already noticed (38) they are 
deoxidized by ignition with C. One of the two atoms of 
radical in these sulphates can be replaced by one of the other 
radicals, or by H ; thus, NH4NaS04. KHSO4, &c. 

37. General characters of the salts of this groitp, — ^The 
metals of this group^ compared with those of the other groups, 

2 
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furnish the largest number of salts soluble in water ; the sodic 
salts are almost all soluble in HjO, hence there are no very 
good direct tests for sodic compounds, and owing to the 
greater number of the salts of these metals being soluble, we 
have no group or general reagents for this group as we have for 
the other groups. Not only are the oxides soluble in HjO, 
but also their sulphides, sulphates, oxalates, carbonates, phos- 
phates, nitrates, and other salts. The sparing solubility of 
lithic phosphate and carbonate in HjO distinguishes it from 
the other members of the group, and renders it more nearly 
allied in this respect to the next group. The solutions of the 
sulphides and carbonates, as well as the solution of the alkalies 
themselves, restore the blue colour to reddened litmus, and 
impart an intensely brown tint to turmeric paper. The 
salts of these bases are colourless, provided the constituent 
acid be so. 

BEMARKS ON THE UmiYIDTTAL MEMBERS OF THE GROTTP, WITH 

▲DDITIOKAL SPECIAL TESTS. 

38. NH4 and its compounds, — NII3, we have already stated, 
is remarkable for its pungent smell, and it exerts a powerfully 
corrosive action on moist animal tissues, heifce serious conse- 
quences might arise from inhaling a considerable quantity. 
The white fumes produced when NH3 is brought into contact 
with a volatile acid are due to the formation of a solid ammonic 
salt. All ammonic salts containing volatile adds, on being 
heated, vblatilize either with or without decomposition ) but 
the ammonic salts of the non-volatile acids, viz. phosphoric, 
boracic, and silicic, are decomposed by heat ; the ammonia 
escapes, but the non-volatile acid remains behind. 

39. When organic substances containing N decay and putrefy, 
ammonic carbonate is constantly produced ; the same salt is 
likewise formed when nitrogenized organic substances are 
submitted to destructive distillation. 

40. The following modification of the test (A 2) for am- 
monia is to be preferred — If the substance is in solution, mix it 
in a small beaker, with suiOicient CaH^Oj to render the 
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miztore solid; but if it is a solid, moisten it slightly with 
H^O before mixiiig it in the beaker with excess of CaH202 
The beaker is covered, after the mixing, with a glass plate, on 
the lower side of which adheres a small piece of moist turmeric 
or moist reddened litmus paper. 

41. PtCl^ produces in neutral and add ammonic, as in po- 
tassicy solutions, a yellow crystalline precipitate, 2NH4CI, 
PtCl4, yery sparingly soluble in alcohol. 

42. If a solution of HgE^I^ in EHO be added in excess to a 
liquid containing a trace of NH^HO or its salts, it assumes 
a brownish tinge or furnishes a brown precipitate, according 
as the proportion of the ammonic compound is less or more, 
tetramercuric diammonic diniodide being formed, thus : — 

4HgK2T4 + 6KH0 + 2NH4HO = B^g^^^ 2H2O + 14KI 

+ 6H2O. 
This test is called Nessler's test. 

Charaeteristic, — The reactions with CaH^Og (40), and with 
Nessler's test. 

43. K and its compounds, — K is of a bluish-white colour ; it 
is brittle at 0^ C. ; a little above this temperature it is malleable ; 
at 16^ it is soft ; at 62*5° it is liquid, and at a red heat it may 
be distilled ; when freshly cut, it possesses considerable lustre, 
but instantly oxidizes on exposure to the air ; it can only be 
preserved in the metallic state by keeping it in some liquid, 
like coal naphtha, which contains no oxygen, or in exhausted 
hermetically sealed glass tubes. It occurs in felspar, mica, 
<&c.y as silicate, in combination with aluminic and other silicates. 
It is also found as sulphate, nitrate (saltpetre), and in a mineral 
called camallite, which is a double hydrated potassic and mag- 
nesia chloride (KCl, MgCl^, 6H2O), which occurs above the 
bed of rock salt at Stassfurth, near Magdeburg. 

44. NaHT * is a much more delicate test for K than H2T, 
because KHT in neutral solutions is soluble in acids, and an 
acid must be set &ee whenever H^T is added to a solution 
containing a potassic salt. If the solution is acid, the free acid 

* My friend, Mr. W. Plunkett, Buggested the employment of NaHT. 
See * Chemical Gazette,' voL xvi, p. 217. 
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must be expelled, if practicable, by evaporation or ignition ; or 
il' not expelled, it must be neutralized witb NaHO or Na2C0, 
before testing for K eitber_with NaHT or HgT. NaHT 
cannot, of course, replace H^T as a test for K when tbe so- 
lution to be tested contains a free alkali, because KELT is 
soluble in free alkalies; but wben the bases of the other 
groups are sought for, the solution cannot be alkaline when 
we arrive at the examination for K, and it is not often that 
we have to deal with an alkaline solution, even when the alka- 
lies are the only bases that have to be examined for. 

45. PtCl4 produces, in neutral and add solutions of K, a 
yellow ciystalline precipitate * of 2KC1, PtCl4. The presence 
of HCl promotes the formation of this precipitate. It is 
slightly soluble in water, but whoUy insoluble in alcohol. 
This is a very delicate test for any potassic compound ; the 
best method of applying it is to mix the solution with PtC]4, 
evaporate to dryness upon a water-bath, and treat the residue 
with alcohol; the excess of PtCl4 dissolves in the alcohol, 
colouring the solution yellow ; 2KC1, PtC]4 is left undissolved 
as a yellow crystalline precipitate. The addition of PtCl4 
should always be preceded by that of HCl, to convert the 
potassic compound into the chloride, if it should not exist 
already in that form. 

46. If a small particle of a potassic compound be introduced 
on the loop of a platinum wire into the flame of a BunsefCs 
^as-lampy it will, if volatile at the temperature of the flame, 
colour the part of the flame above the sample hlue-violet; if 
the substance examined contains a sodic as well as a potassic 
compound, the yellow colour imparted to the flame by the 
sodic compound overpowers and obscures the violet tint pro- 
duced by the potassic one. But K can be detected in the 

* PtClf g^yes with iodine a dark red colour ; and as this colour prevents 
the yellow precipitate of 2EC1, PtCl4 from being distinctly seen, iodine 
should be ezpelledi if present, before testing for E by this reagent. 
To expel it, evaporate to dryness Yf'ith eoneetUraied HNO^; dissolve the 
residue in water, and add HCl and PtCl4, and then proceed in the usual 
way. 
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presence of Na (or Li) if we look at the flame through deep 
bine cobalt glass;* through this coloured glass no coloured 
rajB from Na (or Li) can pass, but it transmits those peculiar to 
X. The flame, when viewed through this coloured glass, is of 
an intense violet colour, and is even visible when one part of 
potash is present with two hundred parts of soda. As all 
substances which make flame luminous, especiallj all organic 
substances which bum with separation of carbon, give the 
same violet colour, these substances must first be removed hj 
heat before the colour of the flame con be used as a test for K. 

47. The potassic flame may be viewed through the indigo 
prism instead of the blue glass ; the flame appears through the 
prism of sky hluey then violet, and at last of an intense crimson 
red, even when seen through the thickest layers of solution ; 
admixtures of Na or Ca do not hinder the reaction. 

48. The potassic flame viewed through the violet coloured 
glass appears violet, and through the green coloured glass blue- 
green. 

49. The more volatile the salt, the more intense is the 
coloration it imparts to the flame ; potassic chloride and po- 
tassic nitrate volatilize rapidly, the carbonate and sulphate less 
rapidly, and the phosphate still more slowly, but they all of 
them distinctly show the reaction, though decreasing in degree. 
The sensibility of the test may, in many cases, be increased by 
moistening the substance under examination with H2SO4, 
diying the Substance at the border of the flame, and then intro- 
ducing it into the melting space. With silicates and other 
difficultly volatile potassic compounds the reaction is best 
secured by fluxing it with pure gypsum in the melting space ; 
there is formed a calcic siHcate and volatile potassic sulphate 
which colours the flame. It is advisable to ignite decrepitating 
salts in a platinum spoon before attaching them to the loop of 
the platinum wire. 

* The eobftlt blae glass can be obtained at the operatiye chemists. 
Before using the glass, it mast first, of coarse, be ascertuned how small a 
qnantity of potash mixed with soda (or lithia) it will clearly indicate. 
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Characteristic, — The flame test, tlie reaction with FtCl4 and 
NaHT. 

50. Na and its compounds, — The colour of this metal is 
bluish-white ; in properties it much resembles K. The salts 
of this base, with a few exceptions, are very soluble ; the means 
we have of detecting it are therefore limited. It exists in the 
mineral kingdom as ghlobide (kitchen salt)y sttlphjlTE (GUxu- 
her^s salt), bobats (borax or tincal), s^itbate and cabboitate. 
It likewise forms a constituent of many siliceoits minebals. 

51. If a small particle of a sodic compound be introduced, 
on the loop of a platinum wire, into the melting space of the 
flame of a Bunsen^s gas lamp, it will, if volatile at the tempe- 
rature of the flame, colour the part of the flame above the 
sample intense yellow ; this is the most characteristic test for 
sodic compounds. If the sodic flame is made to illuminate a 
crystal of potassic bichromate, this salt appears perfectly 
colourless and transparent, and with an adamantine lustre. 
The following reaction is even more delicate. A piece of paper 
about a centimetre square is coated with red mercuric iodide, 
and placed upon a small holder, which is movable on an arm, 
also . movable, attached to the chimney of the lamp. When 
the least quantity of NaHO, Na2S04, or NaCl, is introduced 
into the melting space of the flame, the red iodide becomes 
white, with a flunt tinge of fawn colour. The glaring contrast 
of these colours is apparent when the paper is lit up by being 
placed close to the red-hot wire and bead, and the wire then 
placed in the flame, that the bead only reaches the melting 
space. Potassic, lithic, and calcic compounds do not interfere 
with this reaction. 

52. The sodic flame appears orany^-yellow, through the 
green glass, even with the smallest quantities. This glass is 
particularly adapted to the recognition of all sodic compounds 
(Merz). 

58. Although the sodic salts are a little less volatile than 
the potassic salts, they display, with regard to their relative 
volatility, and the influence of H^S04 and pure gypsum in in« 
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creasing their seiiBibility, the same behaviour as the potassic 
ones. 

54. Di-hydrio di-potassic metantimoniate (IC2H2Sb207) pro- 
duces, in neutral or alkaline solutions of sodic salts, a white 
crystalline precipitate of NagHgSbjOy. In concentrated solu- 
tions the precipitate is formed immediately ; but from dilute 
solutions it separates only after the lapse of some time. Violent 
agitation of the fluid promotes the separation of the precipitate. 
Acid solutions decompose the potassic salt, antimonic acid being 
precipitated ; free acids must therefore be flrst neutralized with 
potash before this test can be applied. Na2H2Sb20; is soluble 
in K2CO3; if this substance be present in the solution it must 
be nearly saturated with acetic acid. 

66. The double chloride of 2NaCl, PtCl4 is soluble in al- 
cobol, and very soluble in water; therefore PtC]4 produces 
no insoluble salt with sodic compounds, either in an aqueous 
or alcoholic solution. 

Characteristic. — The flame reaction. 

56. Li and its compounds. — Lithia occurs in certain minerals, partica- 
larly in spodamene, petalite, and lepidolite. 

57. Na2HP04 produces in not over dilute solutions of lithic salts, upon 
Voiling, a heavy white crystalline precipitate of LigPO^ ; if the solution is 
then evaporated to dryness, and the residue treated with cold water, the 
lithic phosphate remains undissolved. We can, therefore, in this way 
distingaish Li from, and in the presence of, E and Na. LiCl forms with 
PtCJf a douhle salt, 2LiCl, PtCl^, which is even more soluble in water than 
the corresponding sodic salt, 2NaCl, PtCl4. 

58. ** If a lithic salt, particularly LiCl, is exposed on a platinum wire 
in the melting space of the flame of a Bunsen's gas-lamp, the outer flame 
shows a strong OABMnrs tint. Presence of sodic salts, but not potassic 
salts, conceals this reaction." 

59. If the lithic flame be viewed through the indigo prism, it appears 
tiirongh the thinnest layer of the indigo solution of a carmine-red, which, 
with increasing thickness of the solution, becomes gradualhf feebler, and 
^appears before the thickest layers pass before the eye; whereas the 
potassic flame appears through the thinnest layer of the indigo solution 
of a ek^'blme, then violet, and at last of an intense erimson^ed, even when 
seen through the thickest layers of the solution. Admixtures of sodic or 
caldc oompoonds do not hinder the reaction of either the Li or K. 
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60. Ab of all lithic componndB the carbonate and chloride give the moat 
intensely colonred flame, it is only necessary to mark on the prism the place 
at which the lithic rays from these salts disappear, to obtain a space above 
this mark which transmits only red potassic rays. As this part of the 
prism acts in the same way as a thick cobalt glass in detecting potassic 
compounds in the presence of sodic ones, the cobalt glass can be dispensed 
with for detecting K. 

61. Lithia with an admixture of potash is detected by bringing a sample 
into the melting space, and comparing its flame with that of a sample of 
pure potash placed side by side with it in the melting space. With thin 
layers of the solution the lithic flame appears redder than the pure 
potassic flame ; with somewhat thicker layers the flames are equally red, 
if the proportion of lithia to potash be very small; if the lithia be in 
excess, the intensity of the red lithic flame sensibly diminishes with thicker 
layers, while the red flame of potash is scarcely weakened. In this manner 
a few thousandths of lithia may be detected in the presence of potash. 
Soda has almost no influence on the reaction. 

62. Charaeierutic. The flame test and the reaction with Na2HP04. 

63. Answers to the following exercises must be written oat. 

EXESCISES. 

1. In wbat state are K and Na found in natnre P 

2. Describe the different parts of a flame, and explain the 
action of those in blow-pipe experiments. 

8. Describe a method for the preparation of sodic hjdric 
tartrate. 

4. Knowing that NjO is produced by subjecting dry NH^ 
NO3 to heat, what gas would you infer would be produced 
by subjecting I^H^NOj to heat? 

5. Under what circumstances would you employ tartaric 
acid in preference to sodic hydric tartrate as a test for K P 

6. Describe some of the physical and chemical properties 
of E and Na. 

7. Account for the formation of ammonic sulphide and 
carbonate in the manufacture of gas from coal. 

8. State how you would prepare FtCl4. 

0. Describe the preparation and application of the test 
called '^Nessler's test." 
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10. Do solid KHO and NaKO nndergo any change on 
exposare to air ; and if so, name the changes and any differ- 
ences which they may exhibit. 

11. What are the characteristic tests for £^ Na, and 
NH4? 

12. How are the alkaline hydrates prepared P 

13. Describe as many methods as you are able for distin- 
guishing K from Na. 

14. Describe a method for the preparation of E^H2 

SbjOy. 

15. Show by means of an equation the chemical changes 
whicli take place in the preparation of KCIO3 from the action 
of CI on KHO. 

16. Show by means of equations the action of sulphur 
on the fixed alkalies at different temperatures, and the action 
of phosphorus on the fixed alkalies. 

17. To what are the terms * precipitation/ and ^ evapora- 
tion,* and distillation applied ? 

18. What is the difference between a simple and a che- 
mical solution? 



SECOND GEOTJP. 

Babio Oxtdb (BaO), Stbontio Oxide (SrO), Calcic Oxide 

(CaO), Maonesic Oxide (MgO). 

Solutions for the reaeiions, — BaClg, SrCl^, CaClj, MgS04, in 
water. 

64. 'Baryta,' ^Strontia,* 'Lime,' 'Magnesia,' are names 
Teiy frequently given to these oxides, they are also employed 
occasionally to signify the hydrates of the oxides ; but if the 
term edusHe be employed along with them, they refer then ex- 
dusively to the anhydrous oxides. These oxides and their 
hydrates are called " the alkaline earths," and their salts are 
called 'Hhe salts of the alkaline earths." 

65. (NH4)2C03 precipitates Ba, Sr, and Ca completely from 
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tbeir solutions as carbonates, bnt it precipitates Mg ofdy par* 
tially^ and this partial precipitation is prevented, at least for a 
time, if NH^Cl is present in the solution (see par. 108). 
Owing to this difference in their behaviour with (NH4)2C03, 
the group is subdivided ; the members of the first division are 
BaO, SrO, and CaO ; MgO forms the second. The group 
reagent for the first division is (NH4).2C03, its addition is pre- 
ceded by that of NH4CI and NH4HO. The reagent for MgO 
is Na2HP04, but as it also precipitates the members of the 
first division, it can only be employed for MgO after the 
removal, or in the absence, of BaO, SrO, and CaO. 

QQ, JSaamination for the members of the first division, — 
When a solution is examined for the members of this division 
only, the group reagent must be added, and as directed at 
par. 369. 

67. The precipitate produced by the group reagent, after 
being well washed, must be dissolved in cicetic acid, and the 
solution divided into two parts, which we shall call A and B. 

68. Adda soluHon of {not too little) CbSO^, to the A portion. — 
As CaS04 precipitates Ba vrnmediatelg, Sr after the lapse of 
some time, and Ca not at all (see D 1, E 1, and F 1), one of 
three cases will occur on the addition of CaS04 to the A 
portion ; either there will be 710 precipitate^ or there will be 
one after the lapse of some time, or there wiU be an immediate 
one. If there is no precipitate, examine according to par. 69 ; 
if there is one after the lapse of some time, examine according 
to par. 70 ; if there is one immediately, examine according to 
par. 71. 

69. As Ba and Sr are absent, add to the B portion Nfi4 
HO and a solution of (!iiB^^2^2^4 > ^ ^ precipitate is pro- 
duced, Ca is present. 
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TABLE 11. 

BXHAYIOUS OV THB MmfRlM OV THS FIB8T DlYUIOir OV THS 

SECOND 6B0UP with thx Spbciai. Rs^gskts. 



BaO. 



SrO. 



D 1. CftS04, in solntion, pre. E 1. CaS04, in solu 
pitates Ba immediaUljf, from its , tion, precipitates Sr 
solutiona, as BaSOf, which is in- aJUr the lapw of tome 



soluble in acids and alkalies. 



D 2. K3Cr04, in solution, pro- 
daces, in neutral and alkaline 
nlationa of Ba, a pale yellow 
precipitate of BaCr04, insoluble 
in the alkalies and acetic add, 
soluble in HCl and HNOy. 



D 3. H9SO4 and the aohihU 
tulphatee behave in the same 
manner in solutions of Ba as 

CaS04. 



D4 H^,04, in solution, pro- 
duces only in concentrated solu- 
tions of Ba a white precipitate 
of BaC,04, soluble in acids. '^^ 
addition of NH4HO renders 
this reaction therefore more sus- 
ceptible. 



Hme,* from its solutions, 
as SrS04, which is al- 
most absolutely insolu- 
ble in acids and alka- 
lies. 



E2. EsCr04, in solu- 
tion, produces in eon- 
eemtrtUed, but not in 
dilute^ solutions of Sr, 
or such as con tain yV-M 
aeeiie acid, a bright 
yellow precipitate of 
SrCrO^ 



E 3. H2SO4 and the 
eoUtble sulphatet pre- 
cipitate Sr from its 
solutions, as SrS04. The 
precipitate will not ap- 
pear immediately, un- 
less the solution be yery 
concentrated. 



E 4 Bfifi^, in solu- 
tion, precipitates, even 
from dilute solutions of 
Sr, a white precipitate 
of SrG204. The addi- 
tion of NH4HO pro- 
motes the formation of 
the precipitate* 



CaO. 

F 1. Ca$04 produces 
no precipitate in solu- 
tions of Ca. 



P 2. K,Cr04, in solu- 
tion, produces no pre- 
cipitate in solutions of 
Ca, CaCr04 being solu- 
ble. 



F 3. HsS04 and the 
alkaline tulphatee cause 
only in concentrated 
solutions of Ca a partial 
precipitate of CaS04, 
which redissolyes com- 
pletely in a large amount 
of water. 



F 4. H,G,04, in so- 
lution, throws down 
from neutral solutions 
of Ca, even if highly 
diluted, a predpitate of 
CaC,04. The addition of 
NH4HO renders this 
reaction more delicate. 



• The fonnation of the predpitate is much promoted by agitation. 



28 THE 8PE0IAX PROPERTIES 

70. Ba is dbsentf Sr if, and Ca may he, present. The presence 
or absence of Ca cannot be determined, as long as anj Sr 
remains in solution ; because the reagents, which precipitate 
Ca, precipitate Sr also (E 3, F 3, E 4, P 4). We add, there- 
fore, to the B portion dilute H2SO4, which precipitates all the 
Sr (E 3), and only a small portion of Ca in a concentrated and 
none at all from a dilute solution (F 3) ; in anj case, sufficient 
Ca remains in solution for detection. Filter off from the pre- 
cipitate produced by the H2SO4, after sufficient time (one or 
two hours) has been allowed for the precipitation of the SrSO^, 
and add to the filtrate NH4HO in excess, and then (NH^)^ 
C2O4, which will cause a precipitate if Ca is present. 

71. Ba iff, and Sr and Ca may hey present. As CaS04 
cannot be employed to detect Sr in the presence of Ba, and aa 
Ba causes a precipitate with all the reagents which precipitate 
Sr and Ca, the former must be got rid of before we can ascer- 
tain the absence or presence of the two latter substances. 
For this purpose, K^CtO^ must be added to the B portion, 
which precipitates Ba only (D 2, E 2, F 2) ; filter, and to the 
filtrate* (which will be of a yellow colour, from the excess of 
K2Cr04, if the Ba has been completely precipitated) add 
NH4HO in excess and (NH4)2C0j|, and warm the solution ; if 
Bk precipitate is produced, it may be due to the presence both of 
Sr and Ca ; if no precipitate is produced, Sr and Ca are absent. 
If a precipitate is produced, wash it until all excess of K^CtO^ 
has been removed, then dissolve it in acetic acid, filter, if neces- 
sary, through a very small filter, and add to the clear solution 
not too smidl a quantity of the dilute solution of K2S04,t after 
which addition the solution must be well agitated; if the 

• It is abflolately neoessarj to have the filtrate from the BaCr04 per- 
fectly bright and transparent, which sometimes is troublesome to obtain. 
See filtration in Part III. 

t Care mast be taken to make the solution of KsS04 of the strength 
directed in the list of reagents. Of that strength, it contains the same 
quantity of SO4 as a saturated solution of CaS04 contains in a like quantity 
of liquid ; it is, therefore, sufficiently strong to precipitate SrO, but not to 
precipitate CaO. 
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K^04 produces a precipitate, after the lapse of some time, Sr 
is present. If the K^04 solntion has produced a precipitate, 
add some dilute H2SO4 to complete the precipitation, and 
allow sufficient time (one or two hours) for the complete 
separation of the SrSO^ before filtering ; add to the filtrate, 
or to the solution, without filtering, if K2SO4 has produced no 
precipitate, NH4HO in excess and (NH4)2C204 ; if this last 
reagent produces a precipitate, Oa is present.*/ 

72. The filtrate from the {NH4)2C03 or the solution with 
which (NH4)2COs has failed to give a precipitate, must be 
examined for Mg as directed at par. 872. 

73. The following precautions are to he attended to in the 
analysis of this group. — The solution of CaS04 must be added 
in not too small a quantity, and it must always be added in 
the cold, as this reagent is less soluble in hot than cold water. 
Time must be allowed for the formation of the precipitate 
produced by this reagent in solutions of Sr, the formation of 
which is much promoted by agitation. In separating Sr 
from a solution by K2SO4, the liquid ought not to be filtered 
immediately, but a due time allowed for the complete separa- 
tion of the precipitate from the solution; and the solution 
ought not to be warmed, owing to the less solubility of CaS04 
in hot than cold water. 

PBOFEBTIBS OF THE IfBTALS, THE OXIDES, THE SULPHIDES, 
THE CHLOBIDES, THE KITRATES, THE SULPHATES, OF THIS 
GBOITP. 

74. The metals are heavier than water, and decompose it, 
at common temperatures, although Mg does so only slowly, 
with the formation of the oxides and evolatioQ of H. Mg is 
nearly as volatile as Zn ; the other three are not sensibly vols- 
tile. Ba, Sr, and Ca, oxidize on exposure to dry as well as 
moist air, but Mg oxidizes only in moist air. They dissolve 
easily in dilute HNOs, H2SO4 and HCl, with disengagement of 

* For another method for the separation and detection of these three 
Bnbstances, and for the photo-ehemical method, the student is referred to 
pars. 99 and 101. 
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H ; concentrated HNO3 is almost without action on Sr, even 
when boiled upon it. They combine with CI, I, Br, O, S, P, 
&c., at ordinary or more elevated temperatures. Mg unites 
directly with N ; and when ignited in air or O it takes fire, burn- 
ing with a dazzling light, which is remarkably rich in cbemical 
rays, it is on this account employed for photographic purposes. 
75. The oxides may be formed either by the ignition of 
their carbonates, nitrates, or any of their salts containing 
volatile acids, or by expelling the H2O from their hydrates by 
heat. BaO, SrO, and MgO, Jkiae only at the very highest 
temperatures, as in the oxhydrogen blow>pipe flame, but even 
in this intense heat CaO exhibits no signs of fusing. These 
oxides are not reduced by H or by C. BaO, SrO, and CaO, 
when heated with S, are converted into a mixture of sulphate 
and sulphide, but MgO is not altered by it. Dry CI converts 
them, with the exception of MgO,* at a full red heat into 
chlorides, with disengagement of O. BaO, SrO, and CaO, 
combine readily with HgO, forming hydrates ; the combination 
is attended with disengagement of heat. MgO combines only 
slowly with H2O, and no sensible disengagement of heat attends 
the combination. These hydrates can also be prepared by 
dissolving one of their soluble salts in a boiUng solution of 
NaHO ; BaHgOj is very frequently prepared by heating a 
solution of BaS with CuO. BaHgOg is soluble in twenty times 
its weight of cold, and three times its weight of boiling, water ; 
SrHgOg is soluble in fifty times its weight of cold, and 2*4 
times its weight of boiling, water; CaBL^Og dissolves in 
about 700 pts. of cold, and is less soluble in boiling, water ; 
MgH202 is almost insoluble in water ; the aqueous solutions of 
these hydrates have an alkaline reaction. In their dry state 
and in solution they attract CO2 £rom the air and become 
converted into carbonates. When CI is passed over them in 

* MgO, AljOg, and the other oxides termed earths^ are not acted on by 
CI, but if they are mixed with C they are then converted in an atmosphere 
of dry CI into chlorides; the affinity of the C for the O, and the affinity 
of CI for the metal effecting the transformation of these metallic oxides 
into chlorides. 
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their diy state, or into solutions of them, without the aid of 
heat, bleaching compounds (hypochlorites) are formed, thus : — 
2CaH202 + 2CI2 = CaCL, + Ca2C10 + 2H2O. 

Calcic hypo- 
chlorite. 

They, like the alkalies, are converted bj the CI at higher 
temperatures into chlorates and chlorides. By the action of 
S.upon the hydrates, a sulphide and an hyposulphite are 
formed, thus: — 

SBaHjOj + 2S2 = 2BaS + BaS20, + SB^O. 

76. The metals of this group famish no other baaio oxides 
but these. 

77. I%e sulphides may be prepared by mixing their 
sulphates with C or carbonaceous matter, as starch, and sub- 
jecting the mixture to a strong heat, or by passing the vapour 
of GS2 over the oxides in a state of ignition ; MgS, on account 
of its sparing solubility, may be prepared by adding a solution 
of K2S to a solution of its sulphate. They are soluble, MgS 
only sparingly, in water, and are decomposed by it into sulph- 
hydrates and hydrates of the oxides ; the solutions possess an 
alkaline reaction. Exposed to the air, they absorb II2O and 
CO2, and are converted into carbonates with evolution of HjS ; 
they are abo decomposed with evolution of H2S by HCl, 
HNO3, CO2, 4&C. Heated in a current of air they are converted 
into sulphates ; in a current of CI the chloride of the metal and 
chloride of sulphur are formed, in the moist state the chloride 
of the metal is also formed, but S is set free. If HjS is passed 
into their solutions, they combine, forming hydric sulphides 
(M"S,H2S) which are soluble ; these hydric sulphides are also 
obtained by passing H28 into solutions of the oxides. CaS, 
HgSy and MgS, H2S, are decomposed by boiliug H^O into 
their hydric oxides and H2S. A greater number of the sul- 
phides than of the oxides of these metals have been formed. 

78. OUke chlorides may be prepared by dissolving the oxides, 
their hydrates, the carbonates, or the sulphides, in dilute HCl ; 
BaClj may be obtained by fusing together 1 part of CaCl and 
2 pts. of powdered native BaS04 ; CaS04and BaClj are formed, 
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and may be separated by treating the fused mass rapidly with 
boiling water. They are soluble in H^O; BaClj does not 
deliquesce in moist air, and is insoluble in absolute alcohol ; 
the other three deliquesce in moist air, and are soluble in 
absolute alcohol ; their aqueous solutions are neutral to test- 
paper; CaCl2, from its extreme deliquescence, is frequently 
employed for desiccating substances. They all melt when 
heated ; Ca Cl^ and Mg CI2 melt at a low red heat. Mg Cl^ is 
partially decomposed during the evaporation of its solution, 
HCl and MgO being formed ; by adding NH4CI to the solution 
before commencing the evaporation, this decomposition is 
prevented, as a double chloride (MgClj, NH^Cl) is formed, 
which does not lose acid on evaporation ; MgClg forms, as we 
see in this case, double chlorides with the alkaline chlorides. 
The chlorides of this group are not decomposed on being 
heated in a current of H. 

79. The nitrates may be formed by dissolving the oxides, 
their hydrates, or the carbonates, in dilute HNO3. They are 
soluble in water; Ca(N03)2 and Mg(N03)2 deliquesce in 
moist air, and are soluble in alcohol ; the other two do not 
deliquesce, and are insoluble in alcohol. These nitrates are 
decomposed, as we have seen, by heat (75). 

80. The sulphates. — BaS04 is insoluble in H2O and in acids, 
but it is rendered notably soluble in H^O by the presence of 
several salts, especially MgCl2and NH4NO3. SrS04 ^^ Bpari&glj 
soluble in H2O, 1 pt. dissolving in 6895 pts. of H^O ; its 
solubility is increased by the presence of I^aCl, and decreased 
by the presence of alkaline sulphates ; or, if the water is acidu- 
lated with H2SO4, it is rather more soluble in dilute HCl and 
in dilute HNO3 than in pure water. Ba and Sr are not com- 
pletely precipitated from solutions containing metaphosphoric 
acid by H2SO4, and alkaline citrates impede their precipitation 
by H2SO4 in a high degree, but the precipitation appears on 
the addition of HCl. CaS04 is soluble in from 250 to 300 
pts. of cold water ; its solubility is increased if the water is 
acidulated with H2SO4, HCl, or HI^Oj ; its solubility is also 
increased in the presence of NH4CI, NaCl, and other sub- 
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stances ; it is less soluble in hot than cold water. Mg ^04 is 
readilj soluble in water, is insoluble in absolute alcohol, and 
onlj slightly soluble in dilute spirit. The aqueous solutions 
of these salts do not alter vegetable colours. These sulphates, 
we haye noticed, if mixed with G and strongly heated, are 
deoxidized. Heated to intense redness, MgS04 loses part of 
its add, the other three are not altered at that heat. Solutions 
of the alkaline carbonates in the cold decompose SrSO^, CaS04, 
and MgS04, but they have only a slight decomposing action in 
the cold on BaS04; but when boiUng, and upon repeated 
application, they decompose completely this baric salt. These 
sulphates are also readily decomposed on being fused with 
alkaline carbonates, 

81. General characters of the salts of this group. — The salts 
of these metals are colourless unless the acid is coloured. The 
soluble neutral salts are neutral or alkaline, not acid, to test* 
paper. The soluble baric, strontic, and calcic salts, with the 
exception of the chlorides, are decomposed upon ignition ; all 
the soluble magnesic salts are decomposed, the sulphate par- 
tially, upon ignition, some of them even on the simple evapo- 
ration of their solutions. Most of the insoluble salts of this 
group are dissolved by dilute HCl. MgO differs firom the 
other members, not only by its non-precipitation by (Nn4)2 
CO3 and by (NH4)2C204 in the presence of ammonic salts, 
but by the difficult solubility of its hydrate, and the ready 
solubility of its sulphate. A larger number of the salts of this 
group are insoluble than those of the first ; the insolubility of 
the carbonates, phosphates, and oxalates, especially distinguish 
this group from the first ; they are distinguished from the 
following groups by the solubility of their sulphides ; they are 
therefore neither precipitated by (NH4)2S nor by HjS. 



BEHAKES OK THE nnOITinUAL MEMBEBS OE THE GBOUP, WITH 

ADDITIONAL SPECIAL TESTS. 

82. Barium and its compounds, — Ba, according to Davy, is 

3 
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a silver- wbite metal, with less lustre than cast iron. According 
to Matthiesen, it is a powder of a yellow colonr. BaO is a 
greyish- white friable mass. BaHjOj is a white powder ; it 
crystallizes from its solutions in colourless crystals, containing 
8 at. of water of crystallization. 

83. The principal minerals of Ea are the suxphatb {heavy 
spar), and the cabbokatb (witherite). 

84. HjSiF^ throws down, both from neutral and alkaline 
solutions of Ba, a white precipitate of BaSiF^, which appears 
only after much agitation and the lapse of some time in dilute 
solutions; it is perceptibly soluble in HCl and in HNO3. 
Addition of an equal volume of alcohol renders the precipi- 
tation rapid, and so complete that the filtrate remains clear 
upon addition of 012804. 

85. If baric salts are held on the loop of a platinum wire in 
the hottest part of BunserCs gas flame, the part of the flame 
above the sample is coloured tellowish-gbbbit. With the 
soluble baric salts, and also with baric carbonate and sulphate, 
the reaction is immediate, or very soon ; but the phosphate, 
and also the silicates decomposable by acids, demand previous 
moistening of the sample with H2S04or fiCl, by which means 
the Ba may be detected by the flame coloration. The silicates 
which HCl fails to decompose must be fluxed with NajOO^, 
when the BaCO^ produced will show the reaction. It is cha- 
racteristic of the yellowish-green baric coloration of the flame 
that it appears bluish-green when viewed through the green 
glass. If the sulphates are selected, presence of calcic and 
strontic sulphates will not interfere with the reaction. — 
Resenius, 

Characteristic, — The reactions with CaS04, K2Cr04, and 
HjSiFg. 

86. When is passed over BaO at a dull red heat, they 
combine forming BaOj (baric peroxide), which is an indiflerent 
body, and is decomposed at a bright red heat into BaO and O. 
Dissolved in 'ELjd acidulated with HCl, it is converted into 
BaCl2 and H2O2 hydric peroxide. 

87. Strontium and its compounds. — The colour of Sr is 
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yellow, darker in shade than that of Ca. SrO is a greyish- 
white powder or porous mass ; SrH202 is also a greyish- white 
powder; it crystallizes from its solutions in transparent 
crystals containing 8 at. of water of crystallization. 

88. The principal minerals of Sr are the sulphate (celes- 
tine) and the casbokats (itrontianite), 

89. HjSIFq causes no precipitate in solutions of Sr; 
even upon addition of an equal volume of alcohol no pre- 
cipitation takes place, except in very highly concentrated 
solutions. 

90. SrClj is soluble in alcohol ; the solution bums with a 
heauHfiU crimson flame, which becomes more apparent on stir- 
ring the solution. 

91. If a small particle of a strontic compound be intro- 
duced on the loop of a platinum wire into the flame of a 
Sunsen'9 gas lamip^ it will impart an intensely red colour to the 
flame. As SrCl^ gives the most intense coloration of all the 
Btrontic compounds, it is advisable, with all the other com- 
pounds, first to ignite them in the flame, then moisten with 
HCl, and again to introduce them into the flame. " Viewed 
through the blue glass, the strontic flame appears purple or rose 
(difference between Sr and Ca, which latter body shows a 
fiiint greenish-grey colour when treated in this manner) ; this 
reaction is the most clearly apparent if the sample moistened 
with HCl is let spirt up into the flame. In presence of Bathe 
strontic reaction shows only upon the first introduction into the 
flame of the sample moistened with HGl." 

Characteristic. — The precipitation by CaS04 after the lapse 
of some time and the colour of the alcohol flame. 

92. Calcium and its compounds. — The colour of Ca is light 
yellow. CaO and GaH^Oj are white powders. 

98. The principal minerals of Ca are the sulphate {gypsum, 
selemte, GaS04, 2H2O, anhydrite CaS04),the cabbokate (chalk, 
limestone, marble, arragonite, Iceland or calcareous spar), the 
double CABBOKATB OF LIME and maokesla {dolomite, CaCO;,, 
MgCOs), and the fluoblde {fluor spar, CaFj). 

94 HjSiF^ does not precipitate Ca from its solutions. 
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95. The alcoholic solution of CaCl.^ or Ca(N03)2, when 
ignited, bums with a yellowish-red coloured flame, 

96. Ammonic arsenite produces, in aqueous solutions of 
CaCljy an immediate precipitate of calcic absenite. In solu- 
tions of BaClj or SrClj a precipitate is produced bj this reagent 

* onl J after the lapse of some time. Should this test be resorted 
to for confirming the presence of Ca, ammonic salts (if present) 
must first of all be removed from the solution, because the 
arsenites which are insoluble in water dissolye in it if ammonic 
salts are present. 

97. If a small particle of a calcic compound be introduced 
on the loop of a platinum wire into the melting space of the 
flame of a Bunsen^s gas-lamp, it will impart an orange-red 
colour to the outer flame. As CaClj gives, of all the calcic 
compounds, the most intense coloration, it is advisable with all 
the other compounds to moisten them with HCl before intro- 
ducing them into the flame. The coloration appears of a finch- 
green colour when viewed through' the green glass, whilst the 
strontic flame, when viewed through the green glass, appears 
only of a weak yellow. In presence of Ba the calcic coloration 
shows only upon the first introduction of the substance into 
the flame. 

Characteristic, — The non-formation of a precipitate on the 
addition of CaS04, and the formation of a precipitate on the 
addition of (NH4)2C204, and the coloration of the flame seen 
through the green glass, 

98. Before describing the special properties of MgO we will 
give Fresenius*s method for the separation and detection of 
BaO, SrO, and CaO (par. 99), and also the photo-chemical 
method (par. 101). 

99. Dissolve the precipitate produced by the group reagent 
(^114)2003, after it has been well washed in the least possible 
quantity of HCl, and add to a small poi^iion of the fluid some 
solution of CaS04 (not too little) ; a precipitate is formed im^ 
mediately ;* Ba is, and Sr and Ca may be, present. 

* If a precipitate is not formed immediately, but only after the lapse of 
some time, examine the other portion of the solution according to 70; if 
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100. Evaporate tbe remainder of the HCl solution to dry- 
ness, digest tbe residue with absolute alcohol, which dissolves 
8rOl2 and CaCl^, but leaves the greater part of the BaClj undis- 
solved, filter after having moistened tbe filter with alcohol, 
dilute the filtrate with an equal volume of H2O, mix with a 
few drops of HgSiFJg, let the mixture stand several hours to 
allow time for tbe trace of BaSiE^ to precipitate, then filter 
and add dilute H2SO4 to the alcoholic filtrate ; the Sr and Ca 
will be precipitated as sulphates ; filter and wash the precipitate 
with weak alcohol, then boil the precipitated sulphates in a 
solution of Na^COj ; SrCOj and CaCOj will be formed. Filter, 
wash the precipitated carbonates with distilled water, then 
dissolve them in HCl, evaporate the solution to dryness, and 
dissolve the residue in a small quantity of water and examine 
for Sr and Ga as directed in par. 71 after the Ba has been 
removed. ^ 

101. '^ The three alkaline earths may be detected in mixtures 
containing all three of them by the different coloration which 
they severally impart to the flame. To this end the sample 
under examination is repeatedly moistened with H2SO4, then 
cautiously dried, and introduced into the fusion zone of the 
gas flame. After the evaporation of the alkalies that may 
chance to be present, the baric coloration will make its appear* 
ance alone. After this coloration has completely disappeared, 
and the sample moistened with HCl gives on spirting no longer 
a flame coloration of a bluish-green tint when viewed through 
the green glass, tbe sample is moistened again with HCl and 
tested for Ca by viewing it through the green glass when 
spirting, for Sr by viewing it under the same circumstances 
through the blue glass." — Fretenius, 

102. Magnesiwn and its compounds. — Mg is the colour of 
silver ; MgO and MgH202 are white powders. 

103. Mg is found in nature principally in the state of 
SULPHATE (JEpsom salts^ MgS04, ^^2^) ^^ carbonate, chloride 

no precipitate is formed, examine the other portion of the solution accord- 
ing to 69. 
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(8€^e par. 43), and in combination with silicic acid in yarious 
proportions, forming the meerschaum, serpentine, &c, 

104. NH4HO precipitates from aqueous solutions of mag- 
nesic salts a portion as MgH202, the rest of the Mg remains 
in solution as a double salt with the ammonic one produced. 

105. The ^ed alkalies and the other alkaline earths preci- 
pitate Mg from its solutions as MgH202, which is soluble in 
ammonic salts ; their addition, therefore, either before or after 
the precipitation, prevents or redissolves the precipitate of 
MgH^Og. 

106. (NH4)3As04 produces in neutral or alkaline solutions 
of Mg a precipitate of MgNH^ AsO^, which is soluble in acetic 
and other weak acids. 

107. Na2HF04 produces in concentrated neutral solutions 
of Mg a precipitate of MgHP04. A magnesic phosphate 
more insoluble in HgO may be produced by adding, before the 
Na2HP04, NH4CI and NH4HO ; in this case the precipitate is 
MgNH4F04. Both these magnesic phosphates are soluble in 
acids. 

108. According to the experiments of Dr. Divers, (NH4)2 
CO3, other ammonic salts being absent, precipitates Mg com- 
pletely from its solutions after the lapse of some time, the 
precipitation commencing to form a few minutes after the 
addition of the reagent. The precipitate is MgCOj^, unless 
4 eq. of (NH4)2C03 is added to every one of the magnesian 
salt ; in that case the precipitate is MgCOg, (NH4)2COj. When 
NH4CI is present, the simple carbonate (MgCOg) never pre- 
cipitates, it is always the double carbonate; and when the 
NH4CI is added in the proportion of 2 eq. to every one of the 
magnesic salt, the precipitate does not begin to form until 
about a quarter of an hour after the addition of the {NH4)2C03, 
and even after the lapse of twenty-four hours the precipitation 
of the Mg is not complete. The ammonic magnesic carbonate 
is more soluble in HgO than in solutions of NH4CI or (NH4)2 
SO4, and it is almost totally insoluble in solutions of 
(NH4)2C03. 

109. If magnesic compounds, after being ignited strongly 
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bj the blowpipe flame upon a charcoal support, be moiflteiied 
with a solution of Co(N03)^ and again ignited, the mass 
aasumesy on cooling, a pale^/ZstA colour. 

110. Magnesic salts impart no colour to the flame. 
CharacteruHe, — The reactions with the soluble phosphates 

and arseniates, and with Co(N03)2. 

111. Answers to the following exercises must be written 
out. 

SXBBCISES. 

19. In what state is Ba, Sr, Ca, >nd ^t ™^ ^^^ u> 
nature? 

20. Do jou know anj baric salt which is insoluble in 
acids? 

21. Mention the similaritj and dissimilarity in properties 
of the metals of this group ? 

22. Whj are you directed to dissolve the precipitated car- 
bonates of the 1st division in acetic add ? Why not dLssoke 
them in HCl ? 

23. I have some baric sulphate, and I wish to pr e p are some 
baric hydrate in solution : how am I to proceed ? 

24. By what single reagent and in one operation can the 
absence of Ba and 8r be discorered ? 

25. Describe the action of CI upon CtiSLfi^ at the common 
temperature* at the temperature of boOing water, and at a red 
heat. 

26. How can Ca be detected in the absence of Ba and 8r ? 

27. Are the oxides of the metab of the alkalies and alkaline 
earths reducible by H or C ? 

28. How can Sr be detected in the absence of Ba ? 

29. 'Can the presence or absence of Ca be determined as 
long as Sr remains in solution ? 

30. If a solution of baric, strontic, or calcic hydrate is ex- 
posed to the air it becomes ooreied with a film : explain the 
cause of this. 

31. Can the presence or absence of Ca and Sr be determined 
as long as Ba is present in a solution ? 
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32. How is fluoride of silicon prepared P Illustrate by 
symbols the changes which take place in passing it into 
water. 

33. What occurs when BaO, SrO, CaO, op MgO, is 
treated with S P 

34. "Why does the addition of NH^HO to a solution of a 
baric, strontic, or calcic salt, to which a solution of H2O has 
been previously added, j>romote the formation of the pre- 
cipitate P 

35. Describe as many methods as you are able for dis- 
tinguishing Ba, Sr, Ca, when they occur in the same solution. 

36. What is the action of reagents on solutions of Mg P 

37. If you had a solution to examine for the members of the 
1st and 2nd groups, and from its nature you were certain that 
baric and strontic compounds were absent, what reagent would 
you employ to detect and separate the Ca, if present, from Mg 
and the alkalies P 

38. How would you prepare baric carbonate from the 
sulphate ? 

39. Supposing you had a solution containing an alkaline 
carbonate, how could you ascertain qualitatively whether it 
contained any free alkali ? 

40. From your knowledge of Berthollet's laws, what 
would you infer would be the result of adding a solution of 
BaH202 to an aqueous solution of a magnesic salt P 

41. If an oxalate of Ba, Sr, or Ca, was dissolved in an acid, 
and NH4HO were added in excess to the acid solution, what 
would be the effect p 

42. Among the impurities contained in coal gas are, as already 
noticed (NH4)2C03, (NH4)2S, COj, and H2S. The gas is fre- 
quently made to pass through calcic hydrate : does the hydrate 
effect any change in these impurities ? Illustrate your answer 
by equations. 

43. How is hydric peroxide prepared P 
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THIRD GEOUP. 

Zixcio Oxide (ZiiO),MAKGAiroiTs Oxide (MnO), Nickelotjs 
Oxide (NiO), Cobaltous Oxide (CoO). 

Solutions for the reactions : — ZnSO^, MnClg, NiS04, C0SO4, 
in water. 

112. JSxamination for the members of the group. — When a 
solution is examined for this group <w/y, the group reagent 
(^B,^^ must be added as directed at par. 366, and the pre- 
cipitate, after being well washed with water containing a little 
(NH4)2S, must be examined, if it is of a light colour, according 
to par. 113 ; if it is of a hlctck colour, according to par. 114. 

113. Ajb the precipitate is of a light colour, Ni and Co 
must be absent (J 1, K 1). Examine it for Mn bj the blow- 
pipe test ; if Mn is absent, examine it for Zn by the blowpipe 
test. When Mn is present, disBolve it in as small a quantity of 
boiling dilute HCl as possible ;* boil to expel HgS.t then add 
(NH4)2CO^ in excess and boil for some time ; the Mn will be 
precipitated as MnCOj, (G 3), whilst Zn, if present, will remain 
in solution. Pilter, and to the filtrate add (NH4)2S, when 
Zn, if present, will be precipitated as sulphide ; confirm its 
presence by dissolving the precipitate, after it has been well 
washed, in hot dilute HNO3, adding to it a small quantity of 
a solution of Co(NOjj)2 (not even enough to impart a pink 
colonr), then a solution of Na2C0a in slight excess ; the solu- 
tion must then be boiled for a minute or two and the precipi- 
tate afterwards collected on a filter and washed; the filter 
with the precipitate is then incinerated on platinum foil. The 

* In order to use as little acid as possible, pour the boiling acid in small 
quantities at a time npon the precipitate collected upon the filter. If the 
precipitate be very large, remove it from the filter into an evaporating dish 
before adding the acid. 

t To ascertain when all the H^S is expelled, hold a piece of bibnlona 
P&per, moistened with a solution of some solable lead salt, over the boiling 
liquid j when the lead paper does not alter in coloor, all the H3S is 
expelled. 
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TABLE III. 
Bbhatiovb ov TBS THIRD GROUP with ths Special Rkjlobvtb. 



MnO. 

G 1. MnS ifl 
JUsh-colouredf but 
becomes hroum on 
expoeure to tbe 
air; solablein the 
weak acidBy as 
acetic, as well aa 
in the dilate mine- 
ral acids. 



G 2. The fixed 
aUealist precipi- 
tate from Bola- 
tions of Mn, 
MnH^O], which is 
of a whitish colour 
at first, but speed- 
ily becomes black- 
ish-brown on ex- 
posure to the air ; 
it is insoluble in 
an excess of either \fi 
oftheflx^ alka- 
lies. The pre- 
sence of ammonic 
salts prevents in 
a great measure 
the precipitation. 



G8. (NH4)8CO, 
produces in solu- 
tions of Mn a pre- 
cipitate of MnCO,, 
which is white, 
and insoluble in 
an excess of the 
reagent, especially 
on boiling. 



ZdO. 

H 1. ZnS, like 
the oxide, is 
white ; insoluble 
in acetic acid, but 
dissolves in the 
dilate mineral 
acids. 



H 2. The fixed 
alkalies precipi- 
tate from solu- 
tions of Zn, 
ZnHjOg, which in 
white ; f ^ is com- 
pletely soluble in 
an excess of either 
of the fixed alka* 
lies, \f the alkali 
is perfectly free 
■rwn earbonde. 



H 3. (NHJjCO, 
produces in solu- 
tions of Zn a pre- 
cipitate of white 

BASIC CABBONATE 

OF ZINC, which is 
easily soluble in 
an excess of the 
reagent. 



CoO. 

J. 1. CoS b 
black ; insoluble 
in the dilate mine- 
ral acids, as well 
as in the weaker 
acids. Soluble in 
nitro - hydrochlo- 
ric acid. 



J. 2. The fixed 
alkalies precipi- : 
tate from sola- 1 
tions of Co, blue-, 
basic salts, which 
turn yreen on ex- 
posure to the air ; 
and are converted, 
upon boiling, into 

the PALB BSD HY- 

DBATS, which is 
generally disco- 
loured, owing to 
a little Co^O, be- 
ing formed. Saeh 
of these precipi- 
tates is insoluble 
in an excess of 
either of the fixed 
alkalies. 

J. 3. (NH4),C0j 
produces in solu- 
tions of Co a 
red precipitate of 

CABBONATS OF 

COBALT, which is 
readily soluble in 
an excess of the 
reagent, the solu- 
tion having a red 
colour. 



NiO. 

K 1. l^iS is 
black ; insoluble 
in the dilute mine- 
ral acids, as well 
as in the weaker 
acids. Soluble in 
nitro - hydrochlo- 
ric add. 



E2. The fixed 
alkalies precipi- 
tate from so- 
lutions of Ki, 
NiHaO,, in the 
form of a light 
green precipitate, 
which is unalter- 
able in the air, 
and insoluble in 
an excess of either 
of the fixed alka' 
lies. 



K 3. (NH4)8C05 
produces in solu- 
tions of Ni an 
apple-green preci- 
pitate of carbo- 
nate of nickel, 
which is readily 
soluble in an ex- 
cess of the reagent, 
the solution hav- 
ing a greenish 
blue colour. 



l%e alkalies fail to precipitate the members of this g^oup in the pre- 
sence of non-volatile organic matter, such as starch, sugar, tartaric acid, &c. 
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green colour is yerj bright if an excess of cobalt be avoided^ 
and is best seen after the grittj residue has been powdered 
under a glass rod. — Bloxam, 

114. The precipitate is hlacJe ; all the members of the group 
must therefore be sought for. Examine a portion of the pre- 
cipitate for Mn by the blowpipe test. Treat the rest of the 
precipitate, whether Mn is present or not, with cold dilute 
HCl ; NiS and CoS will remain undissolved, whilst MnS and 
ZnS will dissolve; examine the acid solution according to 
par. 115, and the undissolved portion according to par. 116. 

115. Boil the filtered HCl solution, which may contain Mn 
and Zn, until all H2S is expelled (see second note, page 41), 
then add a solution of one of ^^ fixed alkalies in excess ; Mn* 
will be precipitated, whilst Zn will remain in solution ; filter 
if the alkali has produced anj precipitate, and add to the 
filtrate or to the solution (when it does not require filtering) 

* It 18 almost impossible to prevent a minute qnantity of CoS and KiS 
oxidising, even if the precipitate is washed most carefnlly with water 
containing (SM^)^ ; the oxidized portion of these two bodies will, therefore, 
be present in the HCl solution, and consequently be precipitated by the 
fixed alkali ; a precipitate may, therefore, be produced by the alkali, when 
no Mn is present. It will not be necessary to examine this precipitate for 
Ni and Co, as sufficient will remain undissolved, unless the student has 
allowed the (NH4)2S precipitate to remain on the filter for a great length 
of time. 

KHO and NaHO solutions very frequently blacken slightly on the addi- 
tum of H,S from their containing small traces of oxides of iron and 
copper ; it is therefore necessary before employing the alkali solution to 
examine it for these oxides ; if one or both of them are present the pre- 
cipitate produced by H^S must be redissolved in a few drops of dilute 
HNOg, and if Cn as well as Fe is present HjS must be passed through the 
solution until it is in excess, the liquid must then be fUtered, and the 
filtrate boiled in an evaporating dish with a few drops of HNO3 until all 
the HfS is expelled and the Fe has become peroxidized, NH4HO is then 
added in excess, the liquid filtered, and to the filtrate must be added 
(SU^)^f which will produce a white precipitate if Zn is present. If the 
alkali solution does not contain Cu, but only Fe, after the solution of the 
precipitate in HNO3, NH4HO is at once to be added in excess, and the 
filtrate horn the NU4HO precipitate tested for Zn with (NH4)2S. 
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HgS, -when Zn, if present, will be precipitated ; confirm its 
presence as directed at par. 113. 

116. After having washed the black residue, examine it for 
Ni and Co in the following way : — Expose a small portion of 
it on a bead of borax to the out«r blowpipe flame, in the way 
directed in par. 152. A blue bead denotes the presence of 
Co ; this is a safe and certain test for Co ; consequently, if a 
blue bead is not produced, Co is absent. If a yellow, and not 
a blue bead has been formed, which become grey and dull in 
the inner flame, Ni is present. When Co is present, Ni is 
sought for in the following way : — The remainder of the pre- 
cipitate is dissolved in aqua regia, and the acid solution evapo- 
rated almost to dryness ; a concentrated solution of KCy is 
then added in excess, and the whole solution must then be 
boiled for some time, adding a little water from time to time, 
to replace that which evaporates. To the solution, which must 
not be filtered even if a precipitate has been formed, is added, 
when it is cold, H2SO4 slightly in excess ; if in some hours 
after the acid has been added a precipitate appears, Ni is 
present ; if no precipitate appear, or at least only a crystal- 
line one which redissolves in water, Ni is absent. 

117. Ni may also be detected in the presence of Co by the 
two following methods. 1st method: — "The acid solution 
which contains Co, and which may contain Ni, must be evapo- 
rated nearly to dryness, KNOg must then be added* in not too 
small a proportion, and acetic acid to strongly acid reaction, 
let the mixture stand for at least several hours in a moderately 
warm place, when Co will separate as nitrate of sesquioxide of 
cobalt and potash ; the Ni may then be readily precipitated 
from the filtrate by NaHO or (NH4)2S. 2nd method :— Satu- 
rate with CI the very dilute solution of the two metals in 
HCl, having the acid slightly in excess ; add BaCOg in excess, 
and let the fluid stand twenty-four hours. The Co is entirely 
precipitated in this process as black sesquioxide, whilst the Ni 
remains in solution, and may, after the removal of the Ba 
by H2SO4, be precipitated by solution of NaHO. 

118. The following precautions are to be attended to in the 
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anatysis of this group : — ^When Mn is present, care must be 
taken to expel all theH2S from the HCl solution^ before (NH4)2 
CO3 is added to separate the Mn from the Zn. Before adding 
H2SO4 to the KCjT solution, it will be better to add a little 
water, in order to prevent anj K2SO4 from crystallizing out, 
which might mislead the student as regards Ni. On adding 
NbHO to the HCl solution, which may contain the Zn and 
Mn and small traces of Ni and Co, from the partial oxidation 
of their sulphides, a small precipitate wiU frequently be 
formed, if only Zn be present. This is occasioned by the 
caustic alkali having absorbed some CO3 from the air, and 
become partially converted into carbonate, which causes a 
partial precipitation of the Zn. 

PBOPEBTISa OF THE HETALS, THE OXIDES, THE SULPHIDES, THE 
CHIiOBIDSS, THE ITETBATES, THE SULPHATES, OF THIS GBOUP. 

119. The metals. — Zn melts at 412° C, and at a bright red 
heat volatilizes ; the other three metals are almost as infusible 
as Pe. In damp air Mn gradually crumbles down to a brown 
oxide, Zn is tarnished, the other two are less affected by it than 
Pe ; they aU combine with O on exposure to air or 0, at a red 
beat, the combination with Zn being attended with flame. Mn 
decomposes water slowly at common temperatures ; the other 
three decompose it at a red heat, with disengagement of H. They 
dissolve in dilute H2SO4 and in HCl, H being evolved, and 
salts of the metals formed. HNO3 oxidizes and dissolves them, a 
nitrate of the metal beingformed. The gaseous compound formed 
in the case of Co and Ni is NOj, ; N^O is one of the gaseous 
products when Zn is acted upon by dilute acid. The gaseous 
body formed depends in this, as in other cases, on the strength 
of the acid and the temperature, for if Zn be acted upon by 
undilute HNO3, NH3 is one of the products. These two reac- 
tions are represented in the following equations : 

(1) 4Zn + IOHNO3 = N2O + 4(Zn2N03) + SHgO 

(2) 4Zn + 9HNO3 = NH3 + 4(Zn2N03) + SHgO 
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If an excess of acid be employed, it, or a portion of it, com- 
bines, of course, with the NH3 formed in the second reaction. 
Zn decomposes COj at a red heat; it dissolves in boiling 
KHO, H being evolred ; thus, Zn + 2KH0 = K^O, ZnO 
+ Hj, 

Co and Ni are magnetic ; the Ni loses this property almost 
entirely if heated to a point exceeding 382^ C, but recoyers its 
magnetic power on cooling. 

120. The oaides may be obtained by igniting the hydrates 
or carbonates out of contact of the air ; they are non-volatile, 
and are not decomposed by heat alone ; they may be reduced 
to the metallic state by ignition with C, or, with the exception 
of Mn, on being heated in a current of H or CO. On being 
heated with NH4CI, CoO and NiO are reduced to the metallic 
state, but ZnO and MnO are lefb by it in the state of chlorides. 
On being heated in contact with air, ZnO and NiO suffer no 
change, but MnO and CoO are conyerted into Mn304 and 
Cog04. ZqO, CoO, and NiO, on being heated ynth S, are 
converted into sulphides, SOj being evolved ; in the case of 
MnO an oxysulphide is formed. Heated in a current of CI, 
they are converted into chlorides, O being evolved. The Ay- 
dratei are obtained by adding to solutions of their salts one of 
the fixed alkalies, as shown in Table III. ZnO and ZnHjO, 
are white ; ZnO, when heated, turns lemof^eUow, and on 
tM)oling turns white again ; MnO is yre^A*green» MnHjO, is 
white ; both absorb O from the air, and become converted into 
hrown Mn^OjjHO. NiO is greyish-green y NiHjOj is green ; 
CoO is an olive-green ; C0H2O2 is paU red. These oxides and 
hydrates are in the form of powders, and are insoluble in H2O, 
but dissolve readily in HNO,,, HCl, and H2SO4. ZnO and 
its hydrate are soluble in the alkalies, CoO and NiO and their 
hydrates in the volatile alkali, and MnO and its hydrate in 
NH4CI. If CI is passed through H^O in which MnO, NiO, or 
CoO, or their hydrates, are suspended, a part of the metal is 
precipitated in the state of M^H^O^, and the remainder remains 
in solution as MClj, if the liquid, in which the oxides or the hy- 
drates are suspended, is stronglj alkaline the whole of this Co 



OF THE THIBD OBOUP. 47 

and Ni are converted into the hydrates of the iesquioxides 
CO2H0O0 and Ni^HgO^, and the Mn ia converted into the 
hydrated MnH404. 

121. 2%0 sulphides are obtained in the hydrated state by 
adding to a solution of their salts an alkaline sulphide, or by 
passing into their alkaline solutions H^S ; their colour and their 
solubility in acids are noticed in Table III. They are insoluble 
in HjO in the alkalies and alkaline sulphides, vrith the ex- 
ception of NiS, which, under certain circumstances, dissolves 
to a slight extent in the alkaline sulphides, imparting thereby 
to the solution a brownish colour. HjS causes no precipitate 
in solutions of these metals containing free mineral acids, but 
it precipitates completely Zn from the solution of the acetate, 
even if free acetic acid is present. In neutral solutions HjS does 
not completely precipitate the metals as hydrated sulphides, the 
solutions of zincic, cobaltous, and nickelous acetates excepted. 
They all oxidize more or less on exposure to air. SOj converts 
MnS and ZnS into hyposulphites, but it dissolves only sparingly 
the other two. Heated out of contact with air, they are con- 
verted into anhydrous sulphides, HjO being expelled. In the 
anhydrous state ZnS is of a yellowish colour, MnS is green, NiS 
bronze yellow with metallic lustre, GoS is grey with metallic 
lustre. In the anhydrous as well as in the hydrated state 
they are decomposed more or less readily when heated in a 
current of CI, metallic chlorides being formed, and chloride of 
sulphur* evolved. Boasted in air, they are converted into 
oxides with evolution of SOj. The hydrated sulphide of 
Mn precipitates Co as CoS from solutions of its salts, and 
the hydrated sulphides of Mn and Co precipitate Ni from the 
solutions of its salts, and Fe from Fe2Cl0, Fb from Fb(A)2, Cu 
from CUSO4, and Ag from AgNO^, as sulphides. 

122. The chlorides may be obtained by dissolving the metals, 
the anhydrous or hydrated oxides or carbonates in HCl, or 
by dissolving in this acid by the aid of heat any of the higher 
oxides of Mn, Co, or Ni ; in these latter cases CI is evolved. 

* There are two chlorides of sulphur, SsClg and SClg; they are de- 
eomposed by water into SCV HCl, and S. 
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On evaporating the Bolutiona obtained bj any of these modes, 
the salts are obtained crystallized and hydrated, thus — 
ZnCljHjO,* MnCLj4H20, C0CI26H2O, NiCl29H20. They 
may be obtained in the anhydrous state by igniting the hy- 
drates, or by heating the metals in a current of CI ; in the 
anhydrous state they all attract moisture from the air, but the 
first two deliquesce in the hydrated state. MnCl^ and ZnCU 
melt at a dull red heat ; at higher temperatures they sublime, 
and the latter can be distilled ; the other two may sublime 
without first fusing; if ignited in the air above the fusing 
point MnClg, if the ignition is protracted, becomes converted 
into oxide, and the others lose more or less Gl, a corresponding 
quantity of oxide being formed. Heated in PH3, they are 
converted into phosphides, HCl being evolved ; and with the 
exception of MnClj they are reduced to the metallic state 
when heated to redness in a current of H. If CI is passed 
through solutions of MnCl^ and C0CI2. they are converted 
into Mn2ClQ and CojGl^, and on the subsequent addition of 
BaCOg, MnjOj and C02O3 are precipitated. 

123. The nitrates may be obtained by dissolving the metals 
in HNO3, or the anhydrous or hydrated oxides or the car- 
bonates in the acid diluted; they are soluble in HjO, and 
on evaporating their aqueous solutions crystallized hydrated 
salts are obtained ; they are decomposed on ignition, a higher 
oxide of Mn, Ni, and Co, than the monoxide being left. 

124. The sulphates may be obtained by dissolving the metals, 
the anhydrous or hydrated oxides, or the carbonates in dilute 
H2SO4 ; or by heating the higher oxides of Mn, Ni, Co, in 
undilute acid, and ZnS04 may be prepared by gently roasting 
in the air zinc blende. They are soluble in H2O, and crystal- 
lize from their aqueous solutions on evaporation, MnS04 with 
5 atoms,t and the other three with 7 atoms, of H^^* ^^ 

* ZnCl] in solution, under tbe name of Burnett's Disinfecting Fluid, has 
been extensively used as an antiseptic and as a preservatiye of wood and 

vegetable fibre. 

t MnS04 crystallizes below 42° with 7 ats. of H,0, and between 
45° and 68° with 6 atoms, and between 68° and 86° with 4 atoms. 
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beiog heated the water is expelled, and they are left in the 
anhydrous state; they hear a moderately strong red heat 
without decomposing, hut at a hright red heat they are 
decomposed, the metals being left in the state of oxides, 
higher oxides than the monoxides in the case of Mn, Ni, 
and Co. 

125. The general characters of the ealts of this group. — 
The zincic salts, in the anhydrous and hydrated states are 
fokHe; the manganous salts are white or red; most of the 
nickelous salts are yellow in the anhydrous, and green in the 
hydrated, state, their solutions are of a light green colour ; the 
cobaltous salts are red in their hydrated, and mostly blue in 
their anhydrous, state, their solutions, eyen when much 
diluted, have a delicate rose tint; the red solution o£ CoCl^ on 
evaporation turns blue, or on the addition of strong mineral 
acids to its solutions. The neutral salts of these metals, 
soluble in water, are decomposed by heat, the sulphates being 
the least decomposable ; the manganous soluble neutral salts 
are neutral, and the soluble neutral salts of the other three 
metals are add, to litmus paper. Zincic and manganous com- 
pounds, which are insoluble in H^O, dissolye in HCl ; and most 
of the nickelous and cobaltous compounds, which are insoluble 
in HgO, are soluble in HCl. BaCOg, or CaCOg does not 
precipitate the oxides from aqueous solutions of the salts 
upon digestion in the cold, with the exception of the sulphates ; 
but if the solution has been treated with CI or Br, Mn and 
Co are precipitated from their salts by these carbonates, as 
Mn^Og and Co^Og. A solution of !N'a2C0g precipitates firom 

The folphaieB of Mg« Zn, Mn, Co, Ki, and Fe are isoroorphoiu ; tbey 
moallj crjitallize with 7 att. HfO, but under certain oonditiona with 6, 
and cQpric snlphate, wluch belongs to the group, never contains more than 
5 ; thef loinetinies crystallize with 4 and sometimes even with 2. These 
snlphates, which are frequently termed magnesian sulphates^ retain 1 at. 
H/> with eonnderable force, and it can be replaced by an anhydrous 
sulphate, as K]S04; these double sulphates, even the double cupric 
sulphate, always crystallize with 6 ats. H^O. This atom of water was cnlled 
by Graham constitutional water. 

4 
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solutions of the normal salts of Co, Ni and Zn, as it does also 
firom similar salts of Mg and Cu, not a normal, but a basic, 
carbonate. The members of this group are distinguished 
from those of the preceding by the insolubility of their oxides 
and sulphides in HgO, and from those of the next group by 
their behaviour with NH^HO.* 

BSMABKS OlS THE IFDIYTDUAL MEMBEBS OF THE GBOUF, WITH 

AJ)I)ITI0NAL SFECIAL TESTS. 

126. Mh and its compounds. — Mn is greyish white, very 
brittle, and melts only at the strongest heat of a blast 
furnace. 

127. The most important and most valuable ore of 
Mn is the peroxide (MnOg) ; it is employed for obtaining CI 
from HCl. 

128. NH^HO precipitates from solutions of manganous 
salts part of the Mn as MnH^Oj, which an excess of the 
reagent does not redissolve ; but NH^HO produces no precipi- 
tate in the presence of NH4CI, or any ammonic salt the acid 
of which forms no insoluble salt with Mn. An ammonic 
solution of Mn rapidly attracts O from the air, one of the 
higher oxides of Mn being formed, which is insoluble in 
NH4HO, and therefore precipitates as quickly as it is formed, 
and in brownish flocks. 

129. If a few drops of a fluid containing a manganous com- 
pound, and free from CI, are sprinkled on PbOg or Pb304, and 
HNO3 free from CI is then added, and the mixture boiled and 
allowed to settle, the Mn(N03)3 formed, imparts a purple 
red colour to the fluid. 

130. The smallest quantity of Mn can be detected in any of 
its compounds, by fusing them, in conjunction with NagCOj 

* Cobaltous and nickelous oxalates are nearly insoluble in water and in 
a solntion of oxalic acid, bnt they are soluble in NHHO; on exposing to 
the air an ammonic solution of the two oxalates for several days, the 
nickelous oxalate is deposited, whilst the cobaltous oxalate remains in 
Holution. 
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and a small quantity of KNO3, upon platinum foil or wire, 
in the outer blowp^ flame; sodic manganate (!N'a3Mn04), 
which 18 of a bluish green colour, being produced,* which, on 
being dissolyed in HgO yields a green solution, turning red on 
the addition of acetic acid, and often afterwards becoming 
colourless, with separation of brown flocculi. " This method 
fails to detect manganese in limestone rocks, on account of the 
insolubility of the lime salt in Na^CO^ and KKO3 ; but if, 
along with the two reagents just mentioned, a little borax be 
added, so as to attack and dissolve a portion of the mass, the 
well-known greenish blue enamel is quickly produced." — 
Chapman, 

Charaderistic. — The reactions with (NH.^^, ^^(^2 *^d *^® 
blowpipe test. 

131. Five other oxides of Mn are known — Mn^Og, feebly- 
basic, is found in nature in the anhydrous and hydrated states ; 
it may be formed by exposing MnO or MnHgO^ to air, or by 
passing CI, not to saturation, through HgO in which MnH^Og 
or MnCO^ is suspended. Mn304 is found in nature; the 
other oxides of Mn are converted into this one by igniting 
them in the air. MnOg is found in nature in the anhydrous 
and the hydrated state ; this and the previous oxide are indif- 
ferent bodies ; Mn02 ^^ ^^^ ^ ^^® hydrated state when Mng04 
is treated with HNOg. The two next are acid bodies ; they 
cannot exist except in combination, with H, or a metal ; the 
general formula of their salts is M2Mn04, M2MD20g. The first 
are termed manganates and the latter permanganates ; they 
are formed by fusing Mn02 "^^^^ KHO. Each of these oxides 
is converted into MnCl^* with evolution of CI on being heated 
with HCl. 

132. Zn and its eompottnds, — Zn is a hard, bluish-white 
metal; it is rather brittle at ordinary temperatures, but between 

* The manganates and permanganates, especially the latter, are employed 
as oxidizing and disinfecting agents ; under the name of Candy's fluid they 
are largely nsed for these purposes. 

Before making the hlow-pipe experiments, consult the pars, under the 
head « Blow-pipe" in Part III. 
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94° and 149^ C, it possesses considerable ductility and mal- 
leability ; at a little higher temperature it again becomes so 
brittle that it may be powdered in a mortar. Zn is a con- 
stituent of several alloys ; brass, pinchbeck, mnntz or yellow 
metal, hard solder for brass are alloys of Cu and Zn; other 
alloys we shall notice imder the other metals. 

133. The principal minerals of Zn are the anhydrous 
Cabbokate (calamine, ZnCOs) and the Sulphide (Zinc 
blende ZnS). 

134. When compounds of Zn, mixed with NagCO^, are sub- 
jected upon a charcoal support to the inner blowpipe flame, 
Zn is produced, which yolatilizes, and, on passing through the 
oxidizing flame, becomes again converted into oxide. The 
charcoal support becomes encrusted with this oxide, which is 
of a yellow colour while hot, and turns white on cooling. 

135. If a compound of Zn be moistened with Co(NOs)3 and 
exposed on charcoal to the outer blowpipe flame, a mass of a 
beautiful green colour will be produced ; the colour ia beat 
seen when the mass has become cold. 

136. (a) " BeducHon-Jilm black, in the thin parts brown. 
(h) '^ Oxide-film white, and therefore invisible. To test it, a 

square centimetre of filter-paper moistened with HNOg ia 
rubbed over the surface and then rolled iip on two rings on 
fine platinum wire, three millimetres in diameter, and burnt. 
If the paper is burnt in the upper oxidizing flame at as low a 
temperature as possible, the ash forms a small solid mass about 
a square millimetre in area, which can be ignited without 
fusion, and becomes yellow on gently heating, and appearing 
white on cooling. If this be moistened with a few milli- 
grammes of very dilute €0(^03)3 solution and ignited, it ap- 
pears of a beautiful green colour on cooling ; the same reac- 
tion can be efi'ected with the metallic-film." — Bunsen, 

Characteristic. — The reactions with KHO, (NH4)2S and the 
blowpipe test. 

137. Zn forms only one oxide, so far at least as is at present 
known. 

138. Si and its compounds, — Ni is a brilliant, silver-white. 



OF THE THIBD GROTTO. 53 

hard but ductile metal ; it BurpasBes Ee in tenacity. It may 
be obtained pure by beating the oxalate intensely in a crucible 
with a luted cover. The principal ore of Ni is copper-nickel 
(NiAs). NiO yields insoluble compounds with KjO, NajO, 
BaO, SrO, and several other bases ; some of them are decom- 
posed by frequent washings with boiling water. German 
silver, packfong and tutenag (a Chinese alloy), are alloys of 
Ni, Zn, and Cu. 

139. NH4nO, added in small quantity to solutions of Ni, 
produces in them a trifling greenish turbidity ; upon further 
addition of the reagent, this redissolves readily to a blue fluid, 
containing a compound of oxide of nickel and ammonia. 

140. KCy throws down from solutions of Ki a yellowish- 
green precipitate of NiCyg, which redissolves in an excess of 
the precipitant as NiCy^, 2KCy ; the solution is brownish- 
yellow, on the addition of HCl or H3SO4 to this solution 
NiCy^ is reprecipitated, whilst the KCy is decomposed, HCy 
being evolved; the NiCyj is very difficultly soluble in an 
excess of either of the adds in the cold, but more readily upon 
boiling. 

141. ENOo> used in conjunction with acetic acid, fails to 
precipitate Ni even in concentrated solutions. 

142. In the exterior flame of the blowpipe, nickel compounds 
impart to beads of borax a reddish-yellow tint; the colour 
&des upon cooling, and finally disappears almost entirely. If 
exposed witb borax to the inner flame, the bead becomes grey; 
if a minute fragment of KNO3 be added to the bead after ex- 
posure to the inner flame, and it is then fused in the outer 
flame, it acquires a rich purple colour. 

148. " Seduction an charcoal tpUnter. — On pulverizing the 
charcoal white, lustrous, ductile, metallic particles are ob- 
tained, forming a brush on the magnetized blade. The metal 
dissolved in HNO3 on paper gives a green solution, which on 
moistening with soda, exposure to bromine vapour, and sub- 
sequent addition of soda, gives a brownish-black spot of NijOj. 
The ash of the paper, from which the excess of soda has been 
washed out, can be used for the borax-bead test." — Bunsen. 
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144. Borax-head. — " Oxidizing flame greyish-brown, or dirty 
violet. Upper reducing flame grey, firom reduced Ni, which 
often collects to a spongy mass of metal, rendering the bead 
colourless." — Bunsen, 

Characteristic, — The reactions with NH4HO, KCy, and the 
blowpipe test. 

145. There is one other oxide of Ni known, viz. Ni^O^ ; it 
forms no salts, and is converted on being heated with acids 
into nickelous salts ; it may be obtained by digesting NiH^Oa 
with CI, or with an alkaline hypochlorite. 

146. Ch and its compounds. — Co is hard and of a reddish < 
grey colour. The principal minerals of this metal is the Tik- 
WHITE COBALT, or Smaltine (CoAsg), and the bright white 
cobalt, or cobalt glance (CoSj, CoAsj). 

147. " CoO combines with bases as well as with acids. If 
fused with KHO it forms a Hue compound, which is decom- 
posed by the free addition of Hj^O ; when heated with Mg(N03)2 
a pale pink residue is obtained, a combination of MgO and 
CoO ; with AljOg, it forms the blue pigment known as Thenard*s 
blue, and with ZnO the compound known as £imner*s green." 
This, and other oxides of Co, on being treated with ammonia, 
unite with it forming ammonio-cobalt bases of complex conBti- 
tution. Characters traced on paper with a dilute solution of 
CoCls, are invisible in the cold, but become blue by heat, and 
again &de in the cold as the hygroscopic moisture of the paper 
is restored. The chief use of cobalt in the arts is in the pro- 
duction of Smalt's (powdered blue glass), Thenard's blue, 
Bimner's green, and other pigments. 

148. NH4HO produces in solutions of cobaltous salts the 
same precipitate as the fixed alkalies do ; but the precipitate is 
soluble in an excess of NH^HO, the ammonic solution having 
a reddish-brown colour : the fixed alkalies produce no precipi- 
tate, or at least a very slight ono, in the ammonic solution. 
NH4HO causes no precipitate, if NH^Cl is present. 

149. KCy precipitates from acid solutions of cobalt salts a 
brownish-white cobaltous cyanide CoCy^, dissolving easily in 
an excess of the precipitant, from which solution the 
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CoCjs cannot be again precipitated by acids, as it exists now 
in the form of potassic cobalti-cyanide. Kfio'^^^Jio* 

2CoCy3 + 6KC7 + 2HCy = Kfio'\Cj^ + H^. 

150. ** K the solution contains ^i, as well as Co, the addition 
of HCl to the solution of the cyanides produces a greenish 
precipitate, which always contains the whole of the Ni, and 
under particular circumstances all the Go — ^that is, when these 
two metals are in the proportion of 3 eq. of Ni to 2 eq. of Co. 
The precipitate consists then of nickelous cobalticyanide, 
Ni,Co2Cyi2. In case of a larger proportion of Ni, the preci- 
pitate is a mixture of NiCyj and the former compound ; but if 
the proportion of Ni is smaller, a part of the Co remains in 
solution as K^Co^Cj^^:'—WiU. 

151. Co may be completely precipitated from its neutral 
solutions by KNOj as an orange yellow body (CogO^ 2N2O3, 
6(KNO2)2H30) . Before adding the KNO2 the solution must 
be evaporated to a small bulk, and neutralised by KHO if it con- 
tains excess of acid ; acetic acid must be added after the KN^O^ 
to strongly acid reaction, and the mixture is left to stand for 
some time. This reaction separates Co from Ni, Mn, Zn, and 
many other metals. 

152. The compounds of Co fused with borax in the loop of 
a platinum wire, in either flame of the blowpipe, produce a 
beautiful blue glass, which is a very delicate and characteristic 
test for Co. The cobalt compound must be used in very small 
proportion. 

153. Beduction on charcoal splinter. — *' By pulverising the 
charcoal, white ductile lustrous metallic particles are ob- 
tained, which form a brush on the magnetic blade. The metal, 
rubbed off on to paper, gives a red solution when moistened 
with HNO3 ; this yields a green colomr on addition of HCl and 
drying, which disappears again on moistening. The paper 
moistened with soda, brought into bromine-vapour and again 
moistened with soda, yields a brownish-black spot of Co^Oj. 
This reaction is plainly seen with a few tenths of a milligramme 
of metal. The paper can also be used, after washing out the 
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soda and burning, for the coloration of the borax bead." — 
Bunsen. 

Charaeteristie, —lBieB<iiAon% with KHO, NH4HO, KCj, 
K]N'02, and the blow-pipe tests. 

154. Go unites with O in seyeral other proportions, the 
oxide C02O3 is formed as hydrate by suspending CoHjOj in 
HjO, and passing into it CI, OojH^Og is precipitated as a black 
powder, whilst C0CI2 remains in solution ; thus — 

aCCoHgOg) + Cljj = Co2Hg0^5 + CoCV 
If the oxide is suspended in solution of KHO it is all con- 
verted into Co2H0Og. The other oxides of Co are formed by 
a combination of these two in different proportions. Co^04 is 
formed by heating CoO to dull redness in the air, or bj 
igniting CojOi). C02O3 is converted into cobaltous salts on 
being heated with acids. 

155. Answers to the foUowing exercises must be written 
out: 

EXEBCISES. . 

« 

44. In what state do Co, Ni, Mn, and Zn, occur in nature ? 

45. If I desired to precipitate manganese completely from 
a solution by ammonia, in what state must I take care to have 
it in the solution ? 

46. A mixture of MnO, NiO, and CoO, is placed in a tube, 
a current of dry HCl gas is passed over it, and it is at the 
same time exposed to a moderate red heat ; the transmission of 
the gas, and the ignition, is continued until the formation of 
H2O ceases ; what change has the HCl effected ? Dry H is 
then passed over it, and a stronger heat applied until a slight 
cloud only is perceptible upon approaching a glass rod, moist- 
ened with ammonia, to the mouth of the tube — ^what changes 
has the H effected P 

■ 

47. If you had to manufacturo zinc sulphate, what substance 
or substances would you employ ; give the composition of the 
crystallised salt. 

48. A mixture of ZnO, NiO, and CoO, is mixed with sugar, 
and the mixture is then placed in a covered crucible,- which is 
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then heated gradually, until it attains the very highest degree 
obtainable in a wind furnace, at which temperature it is kept 
for some time. State what changes the oxides have under- 
gone, and what remains in the crucible ? 

49. When any of the oxides of manganese are ignited in 
contact with the air, in what state are they left ? 

50. A mixture of MnO, NiO, ZnO, and CoO, is placed on 
a piece of porcelain and inserted in a tube ; a stream of dry 
H^ is passed through the tube, and the tube is then heated to 
dull redness ; after allowing the substance to cool in the tube 
in an atmosphere of the HgS, it is digested for some time in 
cold dUute HGl,— what occurs P To the filtered HGl solution 
is added sodic acetate in excess, and H^ is then passed through 
the solution. What changes take place, and why is the sodic 
acetate added ? 

51. Name the principal ore of manganese, and state for what 
it is chiefly employed ; illustrate your answer by an equation. 

52. Illustrate by means of equations the changes which take 
place in a solution containing a salt of nickel and one of 
cobalt (say NiS04 and CoClg), when a solution of KCy is 
added in excess, and the solution afterwards slightly acidulated 
vith H2SO4 : — (1) When the metals are in the proportion of 
3 atoms of Ni to 2 of Co ; (2) When they are in the proportion 
of 6 of Ni to 2 of Co ; (3) When they are in the proportion of 
3 of Ni to 6 of Co. 

53. I treat a mixed precipitate of the sulphides of Mn, Ni, 
Zn, and Co, with acetic acid. What change (if any) takes place P 

54. A colourless solution is given you to examine for the 
members of the first, second, and third groups. State wlvit 
members of these groups are probably absent. 

55. Describe the chief properties and the applications of 
Ni and Co. 

56. Describe the changes which would take place on roasting 
ZqS at a gentle heat in contact with the air, and exposing the 
roasted mass to a red heat. 

57. Describe as many methods as possible for separating the 
members of this group by the aid of Table III and the text. 
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58. How is NH4HS and (Nn4)2S prepared, and describe 
by means of equations the changes which take place on 
treating neutral solutions of MnClj with these sulphides ? 

59. I mix ZnO, obtained by roasting blende or calamine, 
with one half its weight of charcoal, coke, or anthracite 
in powder. The mixture is introduced into a crucible, in the 
bottom of which is an opening into which an iron pipe has 
been accurately fitted; the upper end of the tube reaches 
nearly to the top of the crucible, the lower end projects some 
distance out of it. After the introduction of the mixture the 
crucible is covered with a lid, made air-tight by means of fire- 
clay ; the crucible is then placed in a furnace, in the sole of 
which there is a hole for the lower end of the iron tube to pass 
through ; the crucible is exposed in the furnace to a strong 
heat — what occurs ? 

60. How is potassic nitrite prepared P 

61. How is chlorine prepared P 

62. Describe a method for the preparation of microcosmic 
salt, and give, its formula. 

63. Describe by means of equations the two methods given 
in Fart III for the preparation of potassic cyanide. 

FOXJKTH GEOXJP. 

Aluminio Oxide (AlgOg), Chbomic Oxide (CrjOg), Eebbic 
Oxide (FogOg), Febbous Oxide (JFeO). 

ALUMUaC, CHBOMIC AKD IBON PHOSPHATES; THE PHOS- 
PHATES OP THE ALKALIITB EABTHS. BaBIO, STBOHTIC, 
AND CALCIO OXALATES.* 

TJbanio Oxide (TJjOj). Titanic Oxide (TiOg). 

Solutions for reactions. — ^Al23S04, CrgClg, FogCl^, FeS04 in 
HgO. 
^ 156. Exammaiion for the members of the group, — When a 
solution is examined for the members of this group only, the 

* The phosphates and oxalates do not engage the attention of the 
student as he passes throngh the basic groups ; he has therefore only to 
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group reagent^ NH^HO, must be added, as directed at par. 363, 
and the precipitate, after being thoroughly washed with boiling 
water, must be examined for the members of this group and also 
for Mn, as it is precipitated in greater or le^s quantity by 
NH4HO ; the cause of its precipitation is explained in par. 128. 
We shall describe three methods for the examination of this 
group \ the first or second is probably the best when Fe or Mn is 
present. Separate portions of the original solution must be 
tested for Pe both in the ferrous and ferric states ; for Fe" ac- 
cording to par. 177, for Fe'" according to par. 176 or 179, the 
latter if Cu is in the solution. A small portion of the precipi- 
tate must be examined for Mn by the blowpipe test (par. 130). 
157. Igt Method. — Fuse* the precipitate with equal parts of 
Na^COg and ^N'aNOgf or KNO<) in a platinum crucible ; after 
the fusion, allow the mass to cool, and then boil it with water 
and filter. If much Cr is present the filtrate will have a 
yelhto colour ; add to the filtrate acetic acid in excess, then 
Pb(A)2; if a yellow precipitate (PbCr04) is produced J a 
chromic compound is present in the substance under examina- 
tion. Dlssolye the residue in HNO3, ^^ NaHO in excess, 
warm the solution and filter, to the filtrate add HNOj^ in 
excess, then NH4HO in excess, and again warm the solution ; 
if no precipitate should appear, even after some time (half an 
hour), no alt:mii(IIC ooMPOVin) is present, 

deal with the snbfltances given in Table IV. It is not until he has had 
■ome practice in examining both for acids and bases that the insoluble 
salts which are precipitated along with the oxides of this group are in- 
cluded in the course ; the precipitate is then examined according to Table 
y. Manganous phosphate is also precipitated by NH4HO, although it has 
not been included in the list of phosphates precipitated by that reagent. 

ITraiuc and titanic oxides are classed amongst the rare substances ; they 
do not therefore form a part of the groupi and are therefore not included in 
Tables IV or V. 

* See Fusion, in Part III. 

t About one part of the precipitate to two of NasCO^ and two of ENOs. 

X The sodic carbonate and nitrate employed in the fusion must be 
entirely free from sulphate, otherwise, on the adilition of Fb(A)9 a white 
precipitate of FbSO^ will be formed, which the student might mistake for 
PbCrO^. 
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TABLE IV. 
Bbhayiovb ov thx fourth GROUP with thx Spegiax Rxagbvts. 



AljO,. 

L 1. A]/), and 
AlfHfOe are wA»fo. 



L 2. NH^HO, 

0VM» in the pre- 
tence of its HlltSi 

precipitates from 
almnvmio solations 
A])HeO«, which an 
excess of the re- 
agent doe§ not 
redissolre. 

L 8. The Jbted 
AlkaUet precipi- 
tate from aUt' 
minic solutions 
A],HeOet which 
is soluble in an 
excess of reagent, 
from which solu- 
tion it may be 
again precipitated 
on the addition of 
NH4CL 

L4.(NH4),CO, 
precipitates from 
cUuminio solutions 
Al^HeOe. This 
precipitation is 
attended with an 
evolution of COj. 



CrjOr 

Ml. CrgO, is 
green, and 
Cr,HcOe a bhiM 
green powder, 

M 2. NH4HO, 

even in the pre- 
sence of its salts, 
precipitates from 
ekromie solutions 
Cr^Hf Of, which an 
excess of the re- 
agent does not 
rediasolve. 

M3. Thejtxed 
AlkcUiee precipi- 
tates from chro- 
mic solutions 
Cr,H(Oe, which is 
soluble in an ex- 
cess of the reagent 
in the cold; but 
on boiling the so- 
lution it is again 
precipitated. 



M4. (NH4),COs 
precipitates from 
chromic solutions 
Cr,H^Oe, CO, be- 
ing given off. 



FeA. 

Nl. F^Ojand 
Fe,H(Oe are of 
a redduk brown 
colour. 

N 2. NS^HO. 
even in the pre- 
sence of its salts, 
precipitates from 
ferric solutions 
FcgHeOe, which an 
excess of the re- 
agent does not 
rediasolve. 

N8. TheJIfsd 
Alkalies precipi- 
tate from ferric 
solutions Fe^H^O,, 
insoluble in an 
excess of the re- 
agent. 



N4. (NHOj^, 
precipitates from 
ferric solutions 
FcjH A. COj be- 
ing g^ven off. 



FeO. 

O 1. FeO is 
black; FeH^, is 
white.* 



O 2. NH4HO, 

but not in the pire- 
sence of its silts, 
precipitates from 
ferrous edations 
FeHjOy which an 
excess of the re- 
agent does mot 
redissolve. 

O 8. The fixed 

Alkalies preapi- 
tate fromferroms 
solutions FeH^Oj, 
insoluble in an 
excess of the re- 
agent. 



O 4. (NH4)^0, 
precipitates from 
ferrous solutions 
FeCO., soluble in 
NH^dL 



* The student will most probably not obtain the precipitate of the colours 
here stated, as ferrous salts are rarely ever free firam ferric saltSi and the 
colours of Uie prec|pitate by this mixture are altered. 

The fixed alkaline carbonates throw down from their solutions all the 
members of this group, some as oxides, the rest as carbonates. An excess 
of the reagent does not redissolve the precipitate. 

The alkalies fail to precipitate the members of this g^up in the pre- 
sence of non-volatile organic matter, such as starch, sugar, tartaric acid, &c 
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158. 2nd Method. — The ffroup precipitate after being care- 
fully toothed and dried is dissolved in strong KNO3 and 
boiled, fragments of KCIO3 ^^S ^^^^^ ^i^i^ time to time till 
the oxidation is complete, which generally happens in four or 
fiye minutes if no water is present, as HjO retards the ozida* 
tion ; KHO is then added in excess, EeoH^O^ and Mnfifi^ will 
be precipitated if present ; filter if necessary and add to the 
filtrate NH4CI and NH4HO, which will precipitate MJS^fi^ if 
present ; filter if necessary and add to the filtrate BaCl2 or Ba 
(NOg)], a yellow precipitate of BaCr04 will be produced if 
chromic oxide were present. — {Barth,) 

159. ^d method. — ^Dissolve the precipitate in as smidl a 
quantity of boiling dilute HCl as possible ; add to this acid 
solution when cold, a cold solution of !NaHO or KHO, which 
will precipitate Fe2HgOg(N3) ifFe is present;^ filter when a 
precipitate is produced and boil the filtrate, or the solution 
in which there was no precipitate, in a dish for a considerable 
time ; if a precipitate is produced by the boiling it is due 
to Cr^Og ; filter, and add to the filtrate, or to the solution 
which has faOed to give a precipitate, HCl, until the solu- 
tion is add, then add one grain of KCIO4, and warm the 
solution so as to destroy all organic matter; add, lastly, 
NH4HO in excess, and again warm the solution ; if no precipi- 
tate should appear, allow it to stand for a short time (hfdf an 
hour) ; if no precipitate should even then appear AI2O3 ig 
absent, 

Fbopebtieb of thb hbtals, the oxtdxs, the sxtlfhidss, 
the chlobides, the vitbates, ain> the sulphates of 

THE 6B0I7F. 

160. The metals. — Cr and Al are not oxidized when heated 
eyen to redness in the open air. Fe oxidizes at the common 
temperatures in moist air. Al and Ee oxidize, Al only slowly, 

* Manganese, if preient, will also be precipitated by the Bodic or potassic 
■olntion, bo that a precipitate may be produced by the alkali when ferric 
oxide la abeent. 
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in an atmosphere of steam at a red heat, Al^Og and Fe^04 
being formed. Fe decomposes also at a red heat COj and CO. 
Cr is not acted npon by any acid except HE.* Al is not acted 
upon in the cold by strong or dilute HNOj, and very slowly 
at the boiling heat ; dilute £[2804 dissolves it with difEiculty, 
but HCl, either dilute or concentrated, dissolves it readily 
even at low temperatures, AljCl^ being formed. Pore Fe is 
scarcely acted upon by acids at the ordinary temperature, but 
dissolves with the *aid of heat, H being evolved ; but Fe as 
usually obtained dissolves readily in dilute mineral acids, bat 
strong HNO3 covers it with a film of FcjOg, which prevents 
thew further action of the acid, whether dilute or undilute ; but 
reducing agents remove the ^m, the passive iron is thereby 
again rendered active and capable of dissolving in dilute 
HNO3. Al is not acted on by HgS or by (NH4)2S ; KHO op 
HaHO in a state of fusion do not act upon it, but their solu- 
tions dissolve it readily, forming AlgNsgOg or AlgK^Og and H 
being evolved. Cr and Fe are oxidized by fusion with KNO^, 
K2Cr04 and K2Fe04 being formed. Al may be obtained by 
passing AL^Clg in vapour over Na, and Cr may be obtained by 
passing the vapour of CrgClg over Zn. 

161. OUhe Oxides, — AlgOg, CrgOj and Fe203 may be obtained 
by igniting their hydrates ; FeO by precipitating FeHgOg from 
a ferrous salt by an alkali, and boiling it in a vessel from which 
O is excluded, the hydrate being rendered anhydrous below 
the boiling point. They are not altered by heat except FcoO^, 
which, at a white heat, is converted into Fe304, and FeO is 
converted, on exposure to air without the aid of heat, into 

* The properties of Cr differ considerably according to the manner in 
which it is prepared, the difference depending doubtless on the state of 
aggregation. Cr made by Peligot's process oxidizes with great facility^ 
taking fire in the air even at a heat below redness ; it also dissolves in 
dilate H3SO4 and HCl, and is oxidized by HNO,. The properties of most 
metals vary very mnch with the state of aggregation \ thus, even lead and 
several other metals, which will only combine with the oxygen of the air 
with vivid combustion at very high temparatures when in masses, will 
when in a state of fine powder, combine with the oxygen of the air with 
vivid combustion at the ordinary temperature of the atmosphere. 
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FegOs. Al^Og and Or^O^ are not reduced by H, AI3O3 is not 
reduced by C, and CrgO^ la reduced by C at a white heat, 
but only at the points of contact ; the oxides of Fe are 
reduced by H and C with the aid of heat. AJ^Og and CrgOg 
are unaltered on being heated with S, but FeO and Fe^Oj are 
converted by it into FeS with evolution of SOg. AlgOg and 
Ct^Oq are not converted into chlorides by CI unless they are 
mixed with C (see note, page 80) ; CI displaces the in the 
iron oxides. FeO and Crg03 are, with one other oxide (the 
molybdic), the only oxides which melt at a temperature below 
that of the metal from which they are produced. The hydrates 
may be obtained by adding to ti solution of their salts ]N'H4H0, 
or one of the fixed alkalies, or in the case of Al^HgO^j, 
Cr^HgOg, and FcgHgOg by adding (NH4)2C03, as shown in 
Table lY. AX^H^Og and Cr^H^Og may also be obtained by 
adding (Nn4)2S to a solution of their salts with evolution 
of HjS, thus ; 

Al3(SOj3 + ((NH4)3S)3 + 6H2O = AlgH.O^ 

+ ((NH4)3S04)3 + 3H2S. 

FeO is the only member which is acted upon by CI when 
suspended in pure HjO, or in a solution moderately alkaline. 
The following is the change in HgO : 

8FeO + CI2 = FejOg + FeClg. 

If it be suspended in an alkaline liquid the foUowing is the 
reaction: 

2FeO + 2KH0 + 01^ = FcgOg + 2KC1 + HgO. 

FcgOj may be converted into a higher oxide (ferric acid) by 
CI if the solution contains a large quantity of KUO, thus : 

FcsOs + lOKHO + SClg = 2(K2Fe04) + 6KC1 + 5HaO 

These oxides and their hydrates are insoluble in HgO, but 
they dissolve in the dilute mineral acids ; after ignition, how- 
ever, they dissolve with great difficulty, even in the concen- 
trated mineral acids ; but even after ignition, if fused with 
KHSO4, they dissolve readily along with the other fused par- 
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tides in H^O. Although it has just been stated that these 
oxides and their hydrates are insoluble in HjO, a modification 
of aluminic hydrate, which will be noticed under the remarks 
oil Aluminic Compounds (par. 167), is soluble in H<)0, and it 
appears probable there is also a soluble ferric hydrate. 

162. The Sulphides. — It has already been stated that alu- 
minic and chromic sulphides are not formed in the humid 
way, but they may be obtained by passing the vapour of CS^ 
over the Al^Oj and Cr^Os intensely heated. These sulphides 
are black, they are decomposed by H^O into hydric oxides, 
HjS being evolved. Fe^S^ and FeS may be obtained in the 
anhydrous state by the direct combination of Ee and S ; the 
colotir of the first is yellowish-grey and the other yellow. 
Pe^Sg may be obtained in the hydrated state by dropping a 
solution of a ferric salt into a solution of an alkaline sulphide 
which is in excess, or by passing H^S over the dry hydrate ; 
this sulphide is speedily altered by exposure to air, Fe^Os 
being formed and S set free ;* if the alkaline sulphide is added 
to the solution of the ferric salt, ferrous sulphide is formed 
and S set free ; thus — 

(Fe^aSO,)^ + ((NH^2S)6 = 4FeS + S, -h ((NH^^SO^V 

Alkaline sulphides precipitate from solutions of ferrous 
salts FeS in the hydrated state ; its colour is black ; it is inso- 
luble in alkalies and alkaline sulphides, but dissolves readily 
in HCl and HNO3; it oxidizes quickly on exposure to air, 
turning reddish brown, Fe203 being formed and S set free. 

163. The chlaride8,—ALfi]^ CrjClg and FogCl^ may be ob- 
tained in the hydrated state by dissolving the anhydrous 

• 

* Ferric hydrate is employed to lome extent in removing H^S from oo«l. 
gas ; for this pmrpose it is mixed with saw-dnst and placed in layers aboat 
twelve inches deep on perforated shelves; when the mixture ceases to 
remove the HjS, ferric oxide is reproduced and S set free hy exposing the 
Vefii to a current ur ; the revivified oxide is again employed, and this con- 
tinues until the accumulation of S in the mixture impairs its absorbing 
power ; the S is then utilised by the sulphuric acid manufacturer, and the 
Vefii which remuns may be again employed for purifying the gas. 
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chlorides in water or the sesquiozides of these metals in HCl ; 
theae hydrous chlorides cannot be rendered anhydrous by 
heating them in the air, as they are decomposed into the cor- 
reeponding metallic oxides, HCl being evolved. Al2CJg, Crj 
Clg, and 7020]^ may be obtained in the anhydrous state ; 
the first two by heating a mixture of AljOs or Cr203 with 
C and igniting in a current of dry CI ; the following is the 
reaction : — 

AljOg + 3C + 3CI2 = AljClg + 3C0. 

FejClg may be obtained by passing dry Ci over Fe heated to 
redness ; these anhydrous chlorides are volatile, deliquescent, 
and dissolve readily in H2O with considerable evolution of 
heat ; PcgCl^ is reduced by H2S and other reducing agents to 
the state of ferrous chloride. Anhydrous EeCL2 ^^7 ^ P^^' 
pared by passing dry HCl gas over ignited Pe ; it may be ob- 
tained in the hydrated state by dissolving Ee in HCl ; it is 
very soluble in HjO and if heated in the open air CI 
escapes and l^e^O^ remains ; it is converted into Fe2Clg on 
passing CI into its solution. A]2Clg is not decomposed at 
any temperature by H ; if H be passed over perfectly an- 
hydrous CrjClg, very gently heated, CrCl2 is formed ; if the 
heat be strong, Cr is separated; the iron chlorides are de- 
composed by H with the aid of heat, HCl being formed and 
Ee remaining. 

164. TJhe nitrate* may be obtained by dissolving the oxides 
inHNOj; they are soluble in H2O, and readily decomposed by 
heat. 

165. The suljphates, AlgCSOJa, Ct2(^04)» ^^ ^62(^04)3 
may be obtained by dissolving the hydrates of these metals in 
H^04 ; the first is also formed by adding to clay which has 
been gently heated H2SO4 and then heating the mixture for a 
considerable time ; the latter may be prepared by adding to 
every 1 eq. of FeS04 in solution i eq. of H2SO4, and then 
adding to the heated liquid HNOg in small quantities as long 
as any red fumes are given off. These sulphates are soluble in 
HoO ; they are decomposed by heat, the metallic oxides being 

5 



66 THE SPECIAL PBOPBBTISS 

left ; they and Mn"'2(S04)3 form with the alkaline sulphates 
double salts, which are termed alums. The general formula 
for this class of salts is M"'2(S04)8, M2SO4 + 24H2O. 
A solution of Fe2(S04)9, especiallj if it contains a little 
free acid, dissolves many metals, even Ag, and the FejCSOJi 
is reduced to reS04. PeS04 may be obtained by dissolying 
Fe in H2SO4; it is also formed by the conversion of iron 
pyrites (FeSj) into FeS, and this by oxidation into FeSO^. 
It crystallizes with seven atoms of H2O ; the crystals, when 
pure, are bluish green, but if they contain ferric sulphate they 
are grass green; at a red heat FeS04 is decomposed into 
Fe203, SO2, and SO3 ; the little water which distils over forms 
with the SO3 the Nordhausen sulphuric acid.* 

166. The general characters of the salts of this group. — 
Aluminic salts, with the exception of the chloride, are colour- 
less, both in the hydrous and anhydrous states. Chromic oxide 
forms at least two varieties of salts ; there is a variety which is 
uncrystaUizable and of a green colour, another variety is crys- 
tallizable and of a violet colour ; the solations of the violet 
salts change to green on heating, and the green solutions 
generally transmit a red light. Ferric salts are nearly white 
in the anhydrous, and yeUovo or yellowish red in the hydrous 
state ; the colour of the solutions is brownish yellow. Ferrous 
salts are white in the anhydrous and bluish green in the 
hydrous state ; their solutions, if concentrated, have a greenish 
colour. Ferric salts are converted into ferrous ones by re- 
ducing agents, as nascent H, HgS, SOj, Fe, Zn, SnClj, &c. Fer- 
rous salts are converted into ferric ones by oxidizing agents, 
as 0, CI, HNO3, &c. Solutions of the ferrous salts rapidly 
absorb O from the air, and if the solution is neutral a yellow 
basic ferric salt b deposited. The soluble neutral salts of the 
metals of this group redden litmus paper, and are decomposed 
by heat. The members of this group are precipitated by 

* ThiB acid has a oomposition corresponding to H3SO4, SOj it is priti- 
eipally prepared at the town of Nordhaasen, in Saxony, by drying crystal- 
lized ferrous sulphate at a moderate heat toexpel the water of crystallization, 
and then distilling the dried salphate in earthen retorts. 
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(NHJjS, Al and Or, as hydric oxides, consequently H9S is 
always eirolyed when (NH4)2S is added to a solution contain- 
ing either or both these metals. FeS is always formed when 
(KKj^^ is added either to a solution of ferrous or ferric 
salts. FejOj, and also AI2O3, are frequently separated from 
their solutions, and from other bases, by adding an alkaline 
acetate or formiate, previously adding to the solution one of 
NagCOg or (NHJ^COg until the precipitate which is formed 
only jtut redissolves on stirring ; the formiate or acetate is then 
added, and the solution boiled ; ferric and aluminic acetates or 
formiates are formed in the first instance, and are decomposed 
by boiling into insoluble basic acetates or formiates. FcjO^ 
and Al^Oj are completely precipitated from solutions of their 
salts in the cold by digesting in the solutions finely powdered 
BaCOg or CaCOg ; they are precipitated principally in the state 
of hydrates and partly as basic salts. Other insoluble car- 
bonates also precipitate them ; thus, if it is desired to purify 
MnClj or ZnS04 ^^^ & ferric salt, it may be accomplished by 
boiling the solution of the MnCl^ with MnCOs, and the 
solution of the ZnS04 ^^^ ZnCOj,. CrjO, is also precipitated 
from its solutions by digesting with BaC03, but the precipi- 
tation takes place in the cold only after long-continued 
digesting. BaCO, does not precipitate FeO from solutions of 
ferrous salts, with the exception of the sulphate, when it is 
digested in the solutions in the cold. The members of this 
group, with the exception of FeO, differ from the preceding 
group by being insoluble in NH4HO, and they and the third 
group differ from those of the fifth and sixth by not being pre- 
cipitated by H^ in the presence ofjree mineral acids. 



EEMABKS Oir THE IN'DiyiDlJAL MEMBEBS OF THIS GBOUP, WITH 

▲DDITIOITAL SPECIAL TESTS. 

167. Al and its compounds. — Al is a bluish-white metal, 
very malleable, ductile, and sonorous ; it is very light, its sp. 
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gr. being about 2*5 ; its sp. heat is yeiy great, its melting-point 
is intermediate between the melting-paints of Zn and Ag, but 
nearer to the former; it is a better conductor of heat than 
Ag, and about equal to it as a conductor of electricity. The 
now well-known alloy of aluminum and copper, viz. aluminusn 
bronze, contains 10 per cent, of Al. In combination it is 
▼ery abundant in nature ; it forms not only the basis of com- 
mon clay, but is likewise a principal ingredient in many of the 
precious stones. As Al^Og, with slight traces of Si02 ^^^ 
EcjOj, it forms the oobukduh, sapphibe, bubt, diamant 
QPAB, &c. As hydrate, it is known under the names diasporx 
and GiBBSiTE. Combined with silica and glucina, it forms the 

EldCEBALB, BEBTL, EUOLASE, and CHBY80BEBTL. Al^O^ haS 

the property of combining very intimately with certain kinds 
of organic matter, especially colouring matters; it attaches 
itself to the fibres of cloth, and retains in the cloth the 
power of attracting and retaining colouring matters ; its salts 
are therefore extensively employed as mordants. It is ob- 
tained in a form soluble in H2O by exposing a dilute solution 
of an aluminic acetate to a temperature of 100^ C. in a close 
vessel for several days ; this solution is coagulated by mineral 
and most vegetable acids, by alkalies and decoctions of dye 
woods, but the alumina in this form does not act as a mordant. 
AI2O3 is the only oxide known of Al; it is regarded as a 
sesquioxide on account of its isomorphism with, and general 
resemblance in properties to, Fe203. 

168. J£ aluminic compounds be ignited upon charcoal by 
the blowpipe flame, afterwards moistened with a few drops of 
Co(N03)2, and again strongly heated, the mass assumes a blv£ 
COLOUB on cooling. This can only be used as a confirmatory 
test, as other substances, phosphates and readily fusible salts, 
exhibit the same reaction. 

Characteristic. — The reactions with NH4HO, KHO, and the 
blowpipe test. 

169. Or and its compounds. — The principal mineral of Cr, 
and from which the oxide is obtained, is the chbome ieok 
(FeO, Cr^O^), which is found principally in Sweden, in the 
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Uralian Mountains, and in America ; it is scarcely attacked b j 
an J of the adds. 

170. On fusing any chromic compound, with KNO3, or 
XaNOj, yellow ehromate of the alkali (M2Cr04) is formed, 
which is soluble in water, and by adding to the solution acetic 
acid in excess, and then PbA^ yellow PbCr04 precipitates ; 
this test distinguishes it from all other substances. In the 
fixed alkalies, a small quantity of Cr^Oj yi the presence 
of a large quantity of FcjOg is totally insoluble; but 
a small quantity of the latter dissolves readily when a 
large quantity of the former is present. Under these circum- 
stances the two oxides are best separated from each other by 
fusing the mixed substances with KNO3 and Na^COg. On 
treating the fused mass with water, the K2Cr04 dissolves, 
but the Fe203 does not. The solution may be tested with 

PbAg. 

171. If a solution of CraOg in NaHO or KHO is boiled with 
PbOj in excess for a short time, the Cr203 reduces some of the 
Pb02, PbCr04 being formed, which dissolves in the alkaline 
solution ; if to the filtered liquid acetic acid be added in excess, 
the PbCr04 precipitates. 

172. Borax dissolves chromic compounds, both in the inner 
and outer blowpipe flame ; the bead, on cooling, assumes an 
xicsBAU) GRBSK COLOVB. Microoosmic salt has the same 
effect. 

Charaeteriitic, — The colour of its salts, its conversion by 
oxidizing agents into chromic acid, and the blowpipe test. 

173. Three other oxides of Or are known, viz. CrO, a base ; 
CrO, Cr^O^ corresponding to magnetic oxide of iron; and 
CrO^, an anhydride, which forms salts with bases, and is noticed 
amongst the acids. CrO is known only in the hydrated state ; 
it is obtained by adding KHO to a solution of CrCl2 ; it ab- 
sorbs O with great rapidity ; it decomposes even H2O, H being 
evolved, and the other oxide (CrO, Cr203, HjO) in the 
hydrated state being formed. Chromic oxide and many of the 
chromates are employed as colouring materials in painting on 
porcelain and in calico printing. 
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174. Fe and its compounds. — Very little is known about 
perfectly pure Pe ; it is met with in the arts in three different 
forms, east irony tnalleahle iron, and steel ; each of these yarieties 
contains carbon and other foreign matters, but the differences 
of character in these varieties appear to be chiefly due to the 
different proportions of C which are disseminated through, or 
combined with, the metal. The ores of iron are numerous, the 
most valuable are specular iron ore, red hematite, varieties of 
Fe203, brown hsBmatite (2Fe203, 3H2O), spathic iron or carbo- 
nate of iron (PeCOj), clay ironstone and the black band are 
an impure ferrous carbonate, and the magnetic iron ore, or 
loadstone (FeO, Fe^Oj). 

176. Potassic ferrocyanide (JSi^eCj^ produces, in ferrous 
solutions, a white precipitate of FeEL^FeCyg, which speedOj 
becomes Hue by absorbing oxygen from the air. Free alkalies 
prevent its formation, and they readily decompose it. It is 
insoluble in the dilute acids. 

176. K^FeCyg produces, even in highly dilute ferric solu- 
tions, a beautiful blue precipitate of Prussian blue, Fe^ 
(FeCy^g, which is insoluble in acids, but is decomposed by 
the alkalies ; in highly dilute solutions only a blue tinge is 
produced at first ; after long standing a scanty precipitate is 
formed. The same precautions are required in this case aa in 
par. 177. 

177. Potassic ferricyanide (EgFegCy^g) produces \n ferrous 
solutions a beautiful blue-coloured precipitate of tubkbull's 
BLUB (FegFegCyjg), which is insoluble in HCl, but is decom- 
posed by the alkalies. In highly dilute solutions only a bluish- 
green coloration is produced. If the solution is alkaline, it 
must be acidified with acetic acid ; if it is acid, and the acidify 
is caused by one of the mineral acids, as they decompose both 
the potassic ferri- and ferro-cyanides, rendering their solutions 
green, an alkaline acetate must be added in sufficient quantity 
so that the base of the acetate may neutralize the free mineral 
acid. 

178. K^FgCy^g deepens the colour of the solution of ferric 
salts to a ruddy brown, but causes no precipitate ; if the ferri- 
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cyanide contains a trace of fenrocjanide,* it will impart to the 
ferric solution a greenish tinge. 

179. Fotassic solphocjanide (KCyS) produces in neutral 
and even in moderately acid, ferric solutions a very intense 
blood red, arising from the formation of ^QiiOjS)^ which is 
soluble. The colour disappears on the addition of an alkaline 
acetate, but is restored by adding to the solution dilute HCl ; 
it also disappears on the addition of alkalies, or of a large 
quantity of strong acid. This is by far the most delicate test 
for ferric compounds. 

180. Flume reactiom, — Seduction on charcoal splinter gives 
no metallic bead or ductile lustrous particles; the finely 
divided metal forms a black brush on the end of the magnetized 
knife-blade ; this, when rubbed off on paper and dissolved in 
a drop of aqua regia, yields a yellow spot when warmed over 
the flame, which, when moistened with K^'FeCj^, gives a deep 
coloration of Prussian blue. The yellow spot moistened with 
NaHO, and then held for a few moments in a vessel with 
bromine vapour, gives, on a second addition of soda, no colora- 
tion of a higher oxide. 

181. Borax head. — '' In the oxidizing flame, when hot, yellow 
to brownish red; when cold, yellow to brownish yellow; 
reducing flame, bottle green." — Bunsen. 

Characteristic, — For ferrous compounds, the reactions with 
K^FcgCyij ; for ferric compounds, the reactions with K^FeCy^ 
and KCyS. 

182. Two other iron oxides are known, viz. the black or 
magnetic oxide, Fe304, which may be viewed as a compound of 
FeO and FejO^, and ferric acid. The magnetic oxide occurs 
in nature ; it may be formed, as we have already noticed, by 
passing steam over Fe, and it may be obtained in the hydrated 
state by dissolving a ferrous and ferric salt in equal atomic 
proportions, and adding to the solution KHO or NaHO. Ferric 
acid, H2Fe04, may be obtained, we have seen, by fusing Fe 

* The Bolation of potamic femcyanide ought to be made as it is wanted 
as it deoomposes when in a state of solation, a trace of ferrocyunide being 
formed. 
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with ENO3 (160}, or by passing CI into an alkaline solution of 
Fe^Oa (161). 

Answers to the following exercises must be written out. 



EXEBOISES. 

64. Name the substances which will be precipitated when 
(NH4)2S is added to an aqueous solution containing Al^SSO^, 
CpgCle, FcjClg, FeS04, ZnS04, Co(N03)2, and KjSO^, and the 
form in which they will be precipitated. 

65. A solution which has to be examined for the members of 
this and the preceding groups is alkaline to test-paper ; the 
alkalinity is found to be due to the presence of 'Nsl2^0^ : what 
members must be absent ? 

66. I have a quantity of zincic sulphate which contains some 
ferrous sulphate : how must I get rid of the iron so that after its 
removal no other salt but the zinc sulphate will remain in 
solution P 

67. How are ferrous and ferric oxides distinguished from 
each other ? Illustrate your answer by equations. 

68. The members of the third and fourth groups have been 
precipitated together by (N13i^^ : how must the precipitate be 
treated so as to isolate and detect each of the members (the 
phosphates and oxalates not being present) ? 

69. How are potas>sic ferrocyanide and ferricyanide pre- 
pared? 

70. I require some ferric chloride, and I have only some 
ferrous sulphate : how must I proceed so as to obtain from the 
latter salt the Pe^Cle P 

71. How can the precipitation of FejH^O^, Al^H^O^, and 
of CrjH^Og, from solutions of their salts by the alkalies, be 
prevented ? 

72. Ferric oxide is employed to purify coal gas ; on ceasing 
to purify it, it is exposed to the air ; the exposure restores its 
purifying powers. State what impurities it removes, and how 
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the air reyiTifies it ; state what imparity calcic hydrate remoyea 
which the iron oxide does not remove. 

73. You are given a solution which is neutral to test-paper, 
and which can contain only the members of this and the pre- 
ceding groups : what members must be absent, and what salts 
of those members which may he present must be absent either 
from their insolubility or from their bein^ alkaline or acid to 
test-paper P (Th^ student is only expected to answer it to the 
extent of the salts with which he has been made acquainted in 
the first four groups.) 

74. I fuse in a furnace 2 parts of chrome iron mixed with 
1 part of potassic nitrate ; I treat the fused mass with water, 
and add H2SO4 or HNO3 until the solution is acid to test- 
paper; I then evaporate the solution to the crystallizing 
point, and allow time for the crystallization. State what sub- 
stances are formed in the fusion, what substances are dissolved 
and what are not dissolved by the water, what alteration the 
added acid effects, and what substance crystallizes out. 

75. There is present in a solution Fe2CJ^A.l2Cl5, CoCl^, 
MnClj and NiCl^ ; the solution is placed in a flask, BaCOg 
is added a little in excess, the flask is corked and allowed to 
stand some time in the cold, with occasional shaking. What 
occurs ? The mixture is filtered into a flask, the filtrate is 
eUghtly acidulated with HCl, CI is then transmitted through 
it to saturation, BaCOg or CaC03 is then added slightly in 
excess, the mixture is allowed to stand some hours in the 
cold and shaking it repeatedly. State the changes which 
ensue. 

76. How is ammonic sulpho-cyanide prepared ? 

77. I wish to prepare some pure MnClj from the waste 
product obtained in the manufacture of CI by acting on MnOg 
with HCl; it contains, in addition to the MnCJj, FcjClj and 
HCl. How shall I proceed P I have another quantity of the 
waste product, containing in addition to the impurities already 
named some CuC]2, C0CI2, and NiCl, : how shall I proceed 
in this case to obtain pure MnClg ? Describe a different method 
in each case. 
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78. A colourless solution is given 70a to examine for the 
members of this and the preceding groups ; what members are 
probably absent P 

79. Enumerate the chief ores of iron, and give their composi- 
tion. 

80. There is present in an acetic acid solution Al'", 'Fe"', 
Co", Zn," Ni", and Mn" ; IL^S is passed through it ; what 
changes, if any, take place P 

81. You have to examine a mixture which can only contain 
ferrous, ferric, calcic, magnesic, potassic,* and ammonic salts : 
describe the methods you would adopt in the examination. 

82. Describe the manufacture of aluminum. 

83. Give the composition of Nordhausen sulphuric add, and 
state how it is prepared. 

84. How would you prepare anhydrous 1*020]^ and anhy- 
drous AlgOg P 

85. How would you prepare FcgSj ? 

86. Describe a method for the preparation of PbOg. 

The following Salts, being insoluble in Neutral and Alkaline 
Solutions, are precipitated along with the members of the 
Fourth Chroup.* 

ALUHINIC, CHBOMIC, AND 7EBBIC PHOSPHATES; THE PHOS- 
PHATES OF THE ALKALIKB EABTHS ; BABIC, 8TB0NTIC, AJO) 
CALCIC OXALATES. 

183. Aluminic phosphate varies considerably in composi- 
tion, according to the proportions of the acting solutions and 
the temperature at which they are mixed ; it behaves in the same 
way with reagents as AI2O3, with this exception, that it is in- 
soluble in acetic acid, whilst AI2O3 is soluble. The presence 
of PO4, when combined with AI2O3, may be detected by the 
following method : — After having dissolved the aluminic com- 
pound in a small quantity of HCl, H2T must be added and 

* The student will do well to ouit this section of the group until he has 
had some practice in detecting the more simple combinations of acid and 
base. 
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then NH^HO in escets. If on tbe addition of MgS04 to 
this Bolntion a precipitate be formed, FO4 ia present. When 
the quantity of acid present is small^ the precipitate will not 
appear until after the lapse of some time; in all cases the 
formation of the precipitate is much promoted bj agitation. 

184. PO4 in combination with AI2O3 may also be detected in 
the following way : — ** Add NajCOg to the HCl solution until 
the free acid is nearly neutralized ; mix with BaCO^ in excess, 
add solution of NaHO or KHO, and boiL This process gives the 
AI2O3 in solution, the PO4 in a precipitate of baric phosphate. 
Dissolve this precipitate in HCl, decompose by M^O^ 
filter, and test the filtrate with MgS04, with addition of NH4CI 
and NH4HO."— Jri»c«M«. 

185. PO4 may be detected in almost all salts and most 
minerals containing it by the ammonic molybdate test (see par. 
428). 

186. CHBOMicPHOSPHi.TE behaves in the same way with re- 
agents as Cr^Og, with this exception, that it is insoluble in 
acetic acid, in which reagent the latter is soluble. The presence 
of FO4, when combined with Cr203,may be detected in the same 
way as when combined with alumina. To ascertain whether 
Cr^O, and the chromic phosphate are both present in the pre- 
cipitate produced by boiling the fixed alkaline solution, dis- 
solve the precipitate produced on boiling in HCl, add an 
alkaline acetate in excess ; if a precipitate is produced, the 
PHOSPHATE is present, filter ofi^, and to the filtrate add NH4HO 
in excess; if a precipitate is produced, the oxide is present. 

187. Ferric phosphate, like aluminic phosphate, varies con- 
siderably in composition, and from the same causes ; it behaves 
in the same way with reagents as FosOg, with this exception, 
that it is insoluble in acetic acid, in which reagent the latter is 
soluble. (NH4)2S decomposes iBOiir phosphate,* precipitating 
the metal in the state of sulphide whilst the acid remains in 
solution in combination with the ammonia. The acid is there- 
fore sought for in the filtrate, and not in the precipitate, when 

* Aluminic and chromic pfaoephateB are not deoompoeed by (NH4)sS j 
they are precipitated unchanged by that reagent. 
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(NH^^gS has been employed as the precipitating reagent. The 
same method may be employed for the detection of PO4, when 
combined with Fe, as is employed when this acid is in com- 
bination with Al. 

188. The different calcic ortho-phosphates are soluble in acetic 
acid. They may be decomposed in several ways. The follow- 
ing are those which are most applicable in qualitative analysis: 
— 1. Dissolve the phosphate in a smaJl quantity of HCl; add 
to the solution an alkaline aeetate, and after that a few drops 
of Fe2Cl3 {consult par. 427). Febbio phosphate will be 
precipitated, whilst the Ca will remain in solution along with 
the excess of the FcjClj. To detect the Ca, precipitate Ee 
by (NH4)2S, and add to the filtrate HjO. If a precipitate be 
produced, Ca is present. 2. Dissolve the phosphate in a small 
quantity of HNO3; add to this solution HgNOj, and then 
NH4HO slightly in excess ; hebcttbotts phosphate along with 
the excess of HgjO will be precipitated, whilst the Ca will 
remain in solution, from which solution it will be thrown down 
on the addition of HjO. Boil the mixed precipitate of mer- 
curous phosphate and oxide in {]SH^^\ filter, and to the 
filtrate add NH4CI and MgS04 > ^ ^ precipitate be produced, 
it proves the presence of PO4. The above remarks upon 
CALCIC PHOSPHATES apply to the corresponding babic, stbok- 
TIC, and MAGNESio salts. 

189. Calcic oxa.late is insoluble in acetic acid. By ignition, 
this salt, like all the other oxalates, is decomposed, a carbonate 
being left. To separate the O from the Ca, to its solution in 
HNO3 add HgNOg; Hg20 will be precipitated, whilst 
Ca(N03)3 will remain in solution along with the excess of 
HgNOj. To detect Ca, remove the Hg from the solution by 
NH4HO, and add to the filtrate H2O. Hg20 is decomposed 
by boiling it in (NH4)2S, Hg2S being precipitated, whilst the 
acid remains in combination with ammonia, in which solution 
it may be detected on the addition of any soluble calcic salt. 
The above remarks apply to the corresponding babio and 
btbontic salts. 

190. The following precautions are to he attended to in ike 
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nnaltfM of thia seelion : — Before dissolving the precipitate pro- 
daced by NH4HO, it must be completely freed by washing 
from all trace of that reagent. Frequently a small precipitate 
will appear after boiling the NaHO sqlution, when Cr is 
absent ; the presence of this member must therefore in all 
cases be confirmed by other tests. A1203 and its phosphate 
are sometimes overlooked by the operator, from his neglecting to 
add acetic acid in excess. The precipitate produced by NaHO, 
after being weU washed, should be dissolved in as small a quan- 
tity of HNOji as possible, to which solution a moderate 
quantityofHjT should be afterwards added, and finally NH4HO 
in excess ; the solution ought, after the addition of these 
reagents, to be well agitated, and time allowed for the sepa- 
ration of the precipitate. In testing for PO4 in the ammonic 
solution, a precipitate will frequently be formed on the addition 
of MgS04 when FO4 is absent. To distinguish the phosphate 
precipitate from this, the precipitate produced ought to be 
dissolved in HjT, and NH4HO added in excess. If a precipi- 
tate again appears, after agitating the liquid and allowing it to 
stand, it must be due to the presence of FO4. The precipitate 
produced by NH4HO in the HjT solution must be well 
washed before dissolving it in dilute HNO3. A slight tur- 
bidness will generally be formed on the addition of HgNOg to 
the HNO3 solution, even in the absence of oxalates, owing to 
the HNO3 containing a slight trace of HCl. 

191. The foUowing is another method for the separation of 
the members of the fourth group and the phosphates and oxa- 
lates which are precipitated along with them by the group 
reagent ; the precipitate produced by NH4HO, after being well 
washed, is ignited upon a piece of platinum foil, or in a small 
crucible ; if one or more of the three oxalates (baric, strontic, 
and calcic) are present, they will be converted by the ignition 
into earhmatea ; dissolve the ignited precipitate in as small a 
quantity of boiling dilute HCl as possible ; if it dissolves with 
fjffhrveacence, one or more of the three oxalates are present ; 
examine the solution in this case according to par. 192. If 
the solution is unattended with effervescence, the three oxa- 
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lates are abeent ; examine the solution in this case according to 
par. 193. 

192. When the eolation is attended with effervescence, add 
XH4HO in excess to the eolation, warm, and filter ; the filtrate 
wiU contain the base or bases originally existing as oxalates ; 
examine for these bases in the way directed in the second 
group, par. 68 ; wash the precipitate very well, then dissolve it 
in as amall a quantity of boiling dilute HCl as possible ; examine 
the solution according to par. 193. 

193. Add one of the fixed alkalies in excess in the cold to 
the HCl solution ; if fsbbio phosphate or oxide, or any of the 
PHOSPHATES OP THE ALKALiKE EABTHS are present, they will 
be precipitated, whilst aluminic and chbomio oxides and 
their fhosphjlTES will be retained in solution ; examine the 
precipitate according to par. 195, and the solution according 
to par. 194. 

194. Boil the fixed alkaline solution for some time; if a 
precipitate is produced, it is, due to the presence of chbohic 
phosphate or oxide, or both ; filter when a precipitate is pro- 
duced, add to the filtrate, or to the solution, without filtering, 
when no precipitate has been produced,"^ acetic acid in excess ; 
Ai«iniiKic phosphate, if present, will be precipitated ; add to 
the filtrate NII4HO in excess, when AI2O3, if present, will be pre- 
cipitated. Dissolve the chromic precipitate in as small a quantity 
of boiling dilute HCl as possible, add an alkaline acetate in 
excess ; chbomio phosphate, if present, will be precipitated ; 
to the filtrate add NH4HO in excess ; if chbohic oxide be 
present, it will be precipitated. 

195. After the precipitate produced by the fixed alkali has 
been well washed, it mustbedissolvedinassmallaquantity of boil- 
ing dilute HCl as possible, then add one of the alkaline acetates 
in excess, and hoil for some minutes ; the febbio phosphate 
and oxide (the latter as basic acetate), will be precipitated, if 
present, whilst the phosphates of the ALEAUirB eabths will 

* If no precipitate is produced on boiling the fixed alkaline solution, 
a portion of the precipitate produced by the group reagent ought to be 
examined for chromium, in the way directed at par. 167. 



80 THE SPECIAL PROPEETIES 

remain in solution ; examine the solution according to par. 196, 
and examine the precipitate for PO4 in the following way : — 
Digest the precipitate in (NH4)2S for a few minutes, then 
filter and examine the filtrate for PO4, according to par. 424. 
To ascertain whether there was any Fe uncombined with 
PO4, add to the original solution an alkaline acetate ; filter, 
and to the filtrate add potassic ferrocyanide. If a blue preci- 
pitate is formed, it proves that all the Ye did not exist as 
phosphate. 

196. To the solution add FegClg, drop by drop ; if no preci- 
pitate is produced on the addition of the first two drops, the 
PHOSPHATES OF THE ALKALU7E EABTHS are obscnt ; if a preci- 
pitate is produced, continue the addition of the FejC]^ until 
the solution is of a slightly reddish colour, then boil until the 
excess of Fe is removed from the solution by boiling, then filter, 
and examine the filtrate fdr Ba, Sr, Ca, Mg, in the usual way. 

197. When substances are examined, the nature of which 
is a sufficient proof that the chromic oxide and phosphate, and 
the baric and strontic phosphates, and the baric, strontic and 
calcic oxalates must be absent, as in the case of soils, natural 
and artificial manures, <Sbc.,* the last method may be much 
simplified; — the precipitate produced by the group reagent 
need not be ignited, the free alkali need not be added in the 
cold, and after its addition the mixture may be boiled, in order 
to hasten the filtration ; and l^astly, Ca and Mg have only to 
be sought for. 

198. When substances are examined, the nature of which 
is a sufficient proof that calcic oxalate is the only oxalate, and 
that calcic and magnesic phosphates are the only phosphates of 
the alkaline earths which can be present, as in the case of 
^uano, urine, urinary deposits, &c.,t a simpler method may be 
employed for detecting and separating these salts than the one 
given in Table Y : after having separated them from all the 

* Gaano generally contains oxalate of lime ; examine the ammonia pre- 
cipitate of this manure according to par. 198. 

t Of oonrse in each sabetances as gnano, urine, and urinary deposits, 
chromic oxide and its phosphate cannot be present. 
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other substaDcei in tiie vav directed in Ta*:> T, cisEcCTe the 
precipitate pradneed br XH^HO in tiae H J sol^uin 
of HCl and to tbe lolink-n add aeecaxe cf 
CaO. if preKnty viH be precEpiiated. v!iL!jt x» olr^ acd 
magneBic phoBphates vill remafn in aol^iim. ITlser, acd lo 
the fihmte add H^O, vhidi vill |»vcip:iase \:jt Ca exi^ns^ 
ongina^ly as fhosthaxk in the state cf oxaxjltk. Macsz^ic 
PHOSPHJLTS will be pieciphated from thif flirtte on tbe addi- 
tian of XH^HO in excew. 

199. Tbe BOiATES and rLroKii>is of basttjl, nrncmA, 
and I.I1CZ, are also predphated br XH^HO ; l:a trier are net 
comfdetelj pedpitated br XH^HO in toe preface of XH^Cl : 
therefore, a portion at kaet of ti^ baaei of these wLvt vi^ be 
found aa a m ei u b ei of the second groap. and the anfi« in t^:«ae 
salts wili be diMOfered in the ordinarr examfnatico of the 
addsy istt these reaBons ve hare n:t iiic[::ied these nils in 
the group ; but it is neeeswr fcr the stuient to kLiorv tbat, 
when present in considerable qoaiitiries, iL«t are in part pre- 
dpitated bj XH^HO, as ocherviw their pvecpiatkn luxkz 
with the membera of the 4th grcnp sizi^t occacion hia much 
perplexity. 

Answers to the following exercises most be writien cut : — 



87. What diange does cside oxalate undergo on l^::;? 
heated? 

SS. How would Ton f^«wiTfM> a substance for banc and calcic 
pfaos^ritate ? _ 

89. If there « ere present in an acfd solution CaO, BaHPO^ 
FeTO^ and Al'TO^ and^XH^tiO, acd (XH^...*> were adied 
to it, which of the substances woL^d be precipitated, and in 
what state would they be precipitated r _ 

90. If there were present in an HCi fc>jti:n CaO, Fe "PO^ 
Al'TO^, CaHPO^ and sodlc acetate in ca.-«^ mere iidtd. 



which of the substances would be precipitated, and in 
stale wonld they be predpitated ? 
91. If you had a solution whidi could only contain calde 
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oxalate, calcic phosphate and magnesic phosphate, devise a 
speedy method for the examination of these substances. 

200. UsANic OXIDE (U2O3) Solution ofuranic niireUe in water may he 
employed for the reactions. This oxide is of a brick -red colour, its hydrate 
is yellow ; by ignition it loses part of its oxygen, being converted into 
U3O4, the colour of which is a yery dark gn^eu, approaching black. U.Oj 
dissolves in acids, forming salts, the solutions of which have a line yellow 
colour, and redden blue litmus paper. H3S converts XJ3O3 into UO, which 
attracts O from the air, becoming converted into U3O3 again : ozidizing 
agents have the same effect. 

. 201. (NH4)3S preeipitatee, from alkaline solution of this oxide a 
brownish •coloured precipitate, which subsides^slowly, and is readily soluble 
in acids, even in HA; NH4CI promotes the formation of the pre- 
cipitate. 

202. The volatile and Jlwed alkaliee precipitate this oxide from its 
solutions completely, in the form of a yellow precipitate, which is insoluble 
in an excess of the reagent. 

203. (SR^fiO^ produces a yellow precipitate, which is solnble in an 
excess of the reagent, but is deposited ag^in from this solution on boiling. 
In its behaviour with this reagent, UsO, differs from Fefi^ which it so 
closely resembles in its other reactions. KHCO^ or NaHCOg produces a 
yellow precipitate which dissolves readily in an excess of the reagent. 

204. K4FeCy6 produces in solution of this oxide a flue brown-red pre- 
cipitate; this is a very delicate test for araniam. 

205. '* Uranium compounds give a yellow bead in the oxidizing flame, 
which becomes green in the reducing flame, especially on addition of 
SnClj. These colours closely resemble those of the ii'on compounds, but 
may easily be distinguished, at least if no other colouring metallic oxide is 
present, by the fact that the uraniam bead, when incandescent, emits a 
bluish-green light, analogous to that which the uranium compounds 
exhibit when fluorescing. Beads of lead-oxide, stannic acid, and a few 
other substances, exhibit a similar phenomenon when incandescent, 
but they do not yield, like uranium compounds, a coloured bead on 
cooling. 

206. " Heated gently on the platinum spiral with EHSO4 the insoluble 
uranium compounds can be decomposed. The melted niass is powdered 
with a few particles of crystallized sodic carbonate, and the moirtened 
mass is absorbed by filtering paper. A brown spot is formed by the 
addition of a drop of E4FeCy3 to the moistened paper." — Buneen, 

Charaeterietie. — The reactions with the caustic and carbonated alkalies 
and with K4FeCye. 

207. Titanic oxidb or avhtdbids (TiOs).— This compound, although 
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comparatirely a rare substance, oecars in some iron ores, and as it is 
considered by some to improve the quality of the iron, we have given, on 
tbia acoonnt^ a short description of its properties, and the mode of 
detecting it. 

208. It yaries in colour according to the mode of preparation; it some- 
times appears as a white powder, which, when heated, acquires during the 
time it is heated, a ydlow tint, and sometimes it appears in the form of 
small lamps of a reddish-brown colour. The acid H^TiO, is white. The 
anhydride is insoluble in water and acids, with the exception of concen- 
trated H^04, which dissolves it with the aid of heat; when Aised with 
KaHS04, the fused mass dissolves completely in a large quantity of cold 
water ; when fused with KsjCOj, Na^TiO, is formed, which is decom- 
posed by H^O into an acid salt, insoluble in H^O but soluble in HCl and 
NaHO. 

209. The acid in the moist state, and also when dried at a temperature 
not exceeding 100^ C, is soluble in dilute acids, especially HCl and B3SO4. 
When the acid solutions of it are greatly diluted with water, and boiled 
for a long time, it, H^TiO,, is completely precipitated as a white'powder, 
insoluble in dilute acids ; this precipitate possesses the marked property 
of passing through the filter when washed, unless an acid or NH4CI is 
added along with it. It is precipitated from its acid solutions * in the 
form of a milky- white precipitate by the volatile and fixed alkalies and 
their carbonates, by BaCOj, and by (NH4)sS ; the precipitate is Insoluble 
in an excess of the precipitant ; but if it has been precipitated by any of 
these reagents in the cold, and washed with cold water, it is soluble in dilute 
HCl or H^O^. 

210. When the solution of titanic acid in HCl does not contain too 
much free HCl — ^when, for example, it has been prepared in such a way 
that part of the titanate treated by the HCl has remained undissolved, 
and has been filtered from the solution diluted with water — ^tbe solution 
of the add behaves with the reagents named in a, h, and c, in the way 
described in these paragraphs. 

(a) Infmion of gaUt produces in the solution a reddish orange-yellow 
precipitate of TAirirATB of titaivic oxide. 

(&) K^FeCyf gives a dense orange-brown precipitate; the precipitate is 
solable in an excess of the precipitant. 

(e) White precipitates are produced by adding to the solution dAlute 
mlpkurie, artenie, phosphoric, or tartarie itcid, but more especially oxalur 
acid; these precipitates are completely redissolved in an excess of the 



* Xot in the presence of tartaric acid, or other non-volatile organic 
matter. 
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precipitating acid, and likewise by HCl ; the precipitate produced by H.0 
18 the most insoluble. 

211. If a strip of znro, ibon, or Tnr be introduced into a aolntion of 
titanic acid in HCl, the solution will become blue ; and from this a red- 
dish or violet precipitate will separate, which gradually oxidizes into the 
white oxide. 

212. " Titanic compounds give a colourless bead with microoosmic salt 
in the oxidizing flame, which turns of a pale amethystine colour in the re- 
ducing flame. On addition of FeS04 the bead assumes in the reducing 
flame the peculiar red colour of venous blood, whilst in the oxidizing flame 
the light brown colour of Fe203 can be obtained at pleasure. The titanic 
compounds form with soda a bead, which at first effervesces, and when hot 
is colourless and transparent, but on cooling becomes opaque. If to the 
hot bead SnClj be added, and if it then be heated in the lower redocing 
flame, a grey mass is formed, which dissolves on heating in HCl, yieldmg 
a pale amethystine-coloured solution.'' — Bunsen, 



FIFTH GROUP. 



Staijnous Oxide (SnO), Stannic Oxide (SnOj), Antimo- 
NI0U8 Oxide (SbgOjj), Absekious Akhtdbide (AbjOj), 
Absenio Anhydeide (AsjOg), Aubio Oxide (AujOj)* 
Platinic Oxide (PtOg). 

Solutions for the reactions. — SnCIgi SnCl4, AB2O5, PtCl^, 
AuClg, in water; SbClg, AsgOg in dilute HCl.* 

213. Examination for the members of the ^qroup, '^Avaic and 
platinic compounds produce reactions so decisive — the former 
with the tin chlorides (284), and the latter with NH4CI (287) 
— that they may invariably be detected in the presence of all the 
other metals ; they may, therefore, in all cases be sought for 
in the original solution. The examination of the precipitate 
produced by the ^roup reagent, which must be added as di- 
rected at 357, is, therefore, confined to the other members of 

* As no table is given with this group the student ought to perform the 
experiments given under the individual members before attempting the 
analysis of the group. 
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the group. Six different methods for the analysis of the group 
precipitate are given. 

214. Firsi method. — The group precipitate must be well 

washed, and then treated with a dilute solution of Nn4HC03.* 

AsjS, ifl soluble, and SbjSj, SnS, SnS, are insoluble in 

JSH^HCOs; filter if necessary, and add to the filtrate HCl 

in excess. If a yellow precipitate, or a slight yellow colour, 

is produced, A»<^ is present ; the original solution must be 

examined* to ascertain which of the two oxides of As is, or 

whether both are, present. The substance insoluble in 

NH^HCOj^ after having been dried, must be mixed with three 

parts of fused NH4NO3, t and the mixture projected in small 

portions at a time into a porcelain crucible, containing two 

parts of ^H4N03 in a state of liquefaction. The ignition 

should be continued for a short time after all fuming has 

ceased, and the residue, when cold, must be treated with a 

Miurated solution of H^T ; if complete solution takes place, 

SbjOg only can be present ; but if a portion remains imdis- 

polved, one or both of the tin oxides are probably present. 

Filter the HjT solution when necessary, and add to the 

filtrate HCl and H^S in excess ; if an orange-red precipitate 

is formed, Sb^Og is present. The substance insoluble in HjT 

most be examined for Sn by fusing it with J^ajOOg and KCy, 

as directed at par. 236. 

215. Second method. — Dry the precipitate, then treat it with 
boiling concentrated HCl ; SbjSj, SnS, and SaS, will dissolve 
with decomposition, whilst A^^^ will remain undissolved. 
Add a little water to the HCl solution, and pour it into 
a platinum crucible or lid, and introduce into it a piece of 
pure zinc, the Sn and Sb are reduced to the metallic state, and 

* The solution is prepared by dissolving one oance of NH4HCO8 in 
twelve ounces by measnre of water ; the precipitate most be agitated for a 
few leconds only with the solntion, and then quickly filtered. 

t When the amount of precipitate is so small that little or nothing can 
be detached from the filter, the precipitate as well as the filter, after having 
l)een cat into small pieces, must be mixed up with the ammonic nitrate» 
uul subsequently projected into the crucible. 
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the latter blackens the platinum ; when H ceases to be eTolyed 
remove the zinc, washing into the crucible or lid any ledaoed 
metal adhering to it, then free the reduced metal from the ZnCl^ 
by washing, boil it in strong HCl, Sn will dissolve, whiLst Sb 
will remain undissolved. Dilute the HCl solution a little, and 
then test it for Sn by adding to it HgClj (235), or a mixture 
of FejClg and 'K^e2Cji2 (2^^) ; dissolve the portion of the 
metal insoluble in HCl in aqua regia, and test it for Sb 
by passing H^S through the solution. Dissolve the portion 
of the sulphide insoluble in HCl in boiling HNO3, evaporate 
nearly to dryness, add cold water, and test for H^^AjbO^ by 
adding NH4CI, NH4HO, and MgS04 (277), or by adding 
AgNOa (275). 

216. Third method, — Mix the dried sulphides with an equal 
quantity of NajCOg and a like quantity of NaNO, ; transfer 
the mixture gradually into a porcelain crucible containing 
twice the quantity of NaNOg in a state of fusion ; when the 
deflagration is over* allow the crucible to cool ; treat the fused 
mass with cold water and filter ; wash the insoluble portion 
with equal parts of alcohol and water ; filter the washings and 
mix them with the filtrate ; add HNO^ to the solution until it 
is distinctly acid ; heat to expel CO2 and N2O3 and test for 
H3ASO4 as directed in the second method ; heat the insoluble 
residue with HCl ; transfer to a platinum vessel, and test for 
Sn and Sb as directed in preceding par. 

217. Fourth method. — Dissolve the sulphides in KjS ; add a 
concentrated solution of SO^ in large excess, and digest the 
mixture in the water-bath for some time, then boil until all 
SO2 is expelled, and afterwards filter ; the filtrate will contain 
the AsgOg, if present ; test for it by passing H^S into the solu- 
tion ; dissolve the insoluble portion in HCl and test it for Sb 
and Sn as in the second method. 

218. Fifth wtf^AoJ.— Dissolve the precipitated sulphides in 
as small a quantity of hot aqua regia as possible ; introduce the 

* The heat mnst not be too high nor continned too long, otherwise the 
NaNO] will be decompoted and caastic soda formed; and this latter will 
form with SnO^ sodic stannate which will dissolve in the water. 
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solation into a hydrogen apparatus, along with some Zn and 
diluted H2SO4. The gas bottle mnat be connected with a second 
one containing a dilute solution of Pb2A,* through which the 
gam in passing is freed from any HCl and H^S. The exit tube 
from the wash bottle dips into a precipitating glass or test 
tube containing a solution of AgNO^. If a precipitate is pro- 
duced continue the transmission through the solution as long 
as it continues to be produced; then filter, carefully neutralize 
the HNO3 ^ ^^® filtrate with NH4HO; the characteristic 
yellow AgjAaOg is precipitated. If the gas has passed through 
the solution for a long time the solution may contain no Ag. 
If, therefore, after neutralizing it no yellow precipitate is 
formed, add a drop or two of AgNO, to it. Wash the silver 
predpitate thoroughly with boiling water, and then boil it with 
a solution of H/I. Filter and acidify the filtrate with HCl, 
and pass HjS through it ; if Sb be present orange-coloured SbjSs 
will be produced. In order to detect Sn the metallic precipi- 
tate is washed off the Zn in the gas bottle and boiled in HCl ; 
then diluted with a little H^O, and tested for Sn by adding a 
solution of HgCl, (235). 

219. Siath method. — " If in a mixture of these three sulphides, 
containing only traces of Sb and 8n, they are separated accord- 
ing to the ordinary rules of qualitative analysis by dissolving 
in alkaline sulphides and reprecipitation with acids, the de- 
tection of these two metals by the regular tests is extremely 
uncertain and troublesome. According to the following method 
the detection of these metals is rendered easy and certain 
when the proportion of Sn is only a few thousandths, and that 
of the Sb only a few hundredths, of the total weight of the 
mixture. 

220. " Three decigrammes of the sulphides are roasted on a 
curved piece of glass small enough to be altogether surrounded 
by the flame, and the residue, weighing only a few milli- 
grammes, is scraped together wiUi the knife. The moistened 
mass is then collected on the end of a thread of asbestos and 

* A tabe containing glau-splinten, moistened with a solution of Pb(A)s, 
may be employed in place of the wash-bottle. ^ 
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a strong metallic film obtained on the test tube. In order to 
prevent the deposition of any carbon with the metals, which 
would act injuriously in the subsequent operations, the upper 
reducing flame is made so small that ±he luminous point ia 
only just visible. The film is next dissolved in a drop or two 
of HNO3 in the curved rim (fig. 3) of the Plate, and the solu- 
tion evaporated below its boiling-point by gently warming and 
blowing, so as to obtain the solid residue in as small a space as 
possible. A drop of neutral silver solution is now brought on 
to the residue at the moment when it becomes solid ; and on 
blowing with ammoniacal air a characteristic black stain is 
formed, whilst the reaction of As is also generally noticed. 

221. "In order to detect Sn, a few scarcely visible particles 
of the roasted sulphides are fused on to a borax bead which 
has heep. very slightly tinted with cupric oxide. If the bead 
is now brought into the lower reducing flame, it becomes a 
ruby-red colour from reduced cuprous oxide. If the oxide be 
present in too large a quantity, the bead can be obtained 
transparent by the process described under the reactions of 
the copper compounds. This reaction can only be obtained in 
the lower reducing flame of the non-luminous gas-lamp, as in 
the ordinary blowpipe flame, the cupric oxide is reduced to 
cuprous oxide without the presence of tin-salt.*' — Bunsen. 

PBOPEBTIES OF THE METALS, THE OXIDES, THE SXTLPHIDBS, 
THE CHLOBIDES, ASTD THE HTDBIDES OF As AND Sb. 

222. The metals. — As volatilizes at a dull red heat without 
previous fusion, its vapour is colourless and has a garlic odour. 
Sb melts at 432° C, and at a bright red heat volatilizes slowly, 
which is facilitated by transmitting a current of H over it. Sn 
melts at 228° C, and boils at a white heat ; Au melts at above 
1040° C. ; Au and Sn are but slightly volatile in the heat of a 
furnace. Ft does not melt in the strongest forge fire, but it 
is fused and volatilized by the voltaic current, and in the 
oxyhydrogen blowpipe flame. Au and Ft sufier no change by 
exposure to air and moisture at any temperature. The other 
three metals undergo no change at ordinary temperatures in 
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dry air, neither in moist air does Sb suffer anj change, but Sn 
tarnishes, and As slowlj oxidizes ; they all three unite with O 
if heated in the air, and at high temperatures bum with a 
brilliant light, As^O,, SbjO,, and SnOg being formed. Sb and 
Sn decompose steam at a red heat. As decomposes it only 
slightly. Pt is not acted upon by any single acid, and selenic 
acid ia the only one that acts on Au. HCl does not attack 
Sby and has little action on As, but if heated it dissolves Sn, 
SnClj being formed and H evolved. Dilute H2SO4 is vnthout 
action on them, but boiling concentrated H2SO4 acts on them, 
SO2 heing evolved and AsgO^ Sb2(S04)3, Sn(S04)2 being 
formed ; in the hist case there is also a separation of S. Dilute 
BLNOji converts As and Sb with the aid of heat into As^O,, 
and SbjOj. The concentrated and boiling acid converts them 
into A82O5 and SbjO^. HNO3, i^ i*" »?• gr- is 15, does not 
act on Sn, but if it be diluted to 1*3 it acts violently upon it, 
converting it into metastannic acid (HjSn^O,,, 4H2O), nitrous 
fiimes are evolved, ammonia is also formed owing to the decom- 
position of H^O. Aqua regia attacks all the five metab, con- 
verting them into PtCl4, AuClg, SnCl4, SbCl^, and AS2O5. 
Sb, As, and Sn combine readily with CI, Br, I, P, and S ; 
with some at ordinary, with others of them at high^, tempera- 
tures. Au combines directly with CI, Br, and ^, without the 
aid of heat, and with P when heated ; dry CI is without action 
on Pt; P and As combine with it when heated, forming 
phosphides and arsenides, which are very fusible ; S also com- 
bines with spongy Pt, with the aid of heat. Chlorine water 
acts slowly upon Pt, and it converts Au into AuClj. The 
caustic alkalies do not affect Au, but the hydrates of the alka- 
lies and alkaline earths, especially LiHO and BaHjO^, act on 
Pt if heated to redness with it in the air. It is even attacked 
at high temperatures by KHS04. As and Sn are also attacked 
by these hydrates at high temperatures ; * in the case of Sn 
a metastannate is formed and H evolved ; and in the case of 
As an arsenite and an arsenide are formed and H evolved. As 

* When As is boiled in a s^ng solution of EHO, arsenite of potash is 
formed and H evolved. 
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and Sb, if in the form of an alloy, may be completely separated 
by heating the compound to low redness in a stream of COj, the 
As volatilizes whilst the Sb remains. Sb is the only metal 
which can be separated completely from As in this way, with 
all other metals a part of the As always remains combined. 
In their chemical relations these metals exhibit rather a 
chlorous than a basylous character, so that their oxides tend 
to unite with bases rather than with acids. 

223. The oxides.^SnO, Sn02, PtO^, AsgOj may be obtained 
by igniting with care their hydrates ; AsjO, may be obtained 
by burning As in air or O, or by roasting arsenical ores ; 
SbjOj) by burning Sb in air ; Au^O^ by adding to a solution of 
AuClj) MgO, and then dissolving out the MgO with HNO3.* 
AU2O3 and PtOj are completely decomposed below a red heat, 
and AsjO^ is resolved somewhat above its melting point into 
AsjOg and 0. On .being heated in air, SnO and SbjOs are con- 
verted into SnOj and Sb204 ; FtOj and Auj{03 are decomposed ; 
As^O^ is converted into AsjOg ; SnOj and As^Og are unchanged. 
AsjOg, AS3O5, SnO, SnOj, and SbjOg are reduced to the metallic 
state on being heated in a current of H or GO, or if mixed with 
C or £Cy; in the latter case potassic cyanate is formed. 
SnO, SnOs^ and Sb^Og, on being heated with S, are converted 
into the corresponding sulphides, SO2 being evolved ; AsjS, is 
formed on heating AS3O3 with S, but a varying amount of 
AS2O3 always escapes unconverted. If the oxides of Sn, Sb, 
and As are heated with NH4CI, chlorides of the metals are 
formed which volatilize; they are likewise converted into 
chlorides when heated in an atmosphere of 01. PtO, and 
AU2O3 are reduced to the metallic state on being heated in an 
atmosphere of 01. If As and Sb, or their sulphideSy are 
diffused through a solution of KHO, and CI conducted into 
the fluid, they are converted into arsenic and antimonic adds, 
which combine with some of the potash ; SnO is converted into 

* Magnesic aurate is precipitated, and on the addition of HNO, to the 
precipitate the MgO is dissolved, and the auric oxide is left in the anhy- 
drous state if strong acid he employed, hut in the hydrous state if the acid 
employed he weak. 
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SdOj by adding to its solution CI. SnO, on being boiled in a 
small quantity of solution of KHO, is decomposed into Sn and 
SnO^. The hydrates of these oxides may be obtained as fol- 
lows :— Sb^O^jO and 2SnO, H^O by adding solutions of their 
chlorides to a solution of NagCOj ; HjSnO, by adding to a 
solution of SnCl4 an insoluble carbonate, as CaCOj, in quantity 
insufficient for the entire decomposition of the chloride ; FtOg, 
2H2O by adding to a solution of platinic nitrate a solution of 
NajCO, in quantity insufficient for its complete decomposi- 
tion ; H3A8O4 by evaporating the arsenic solution obtained by 
oxidizing AsjO, with HNO^ ; H3ASO3 is supposed to exist in 
solution, but it has never yet been isolated. Auric hydrate 
is obtained as directed in the note, page 90. AsjOg, As^O^, and 
H3ASO4 are white ; they are soluble in H^O. SnO is bUck, 
2SnO,H20 is white ; they are insoluble in HjO. The hydrate 
is dissolved readily by acids, the anhydride is more slowly 
acted upon by them^ the hydrate is soluble in the fixed alka- 
lies, but if boiled with them is decomposed, SnOg remaining in 
solution, and Sn separating. SnOj is of a light straw colour, 
the hydrate is white ; they are insoluble in HjO ; the anhy- 
dride is insoluble in acids, but forms soluble compounds with 
the alkalies; the hydrate is soluble in acids and the fixed 
alkalies. SbjO^ and its hydrate are white ; they are insoluble 
in H2O, but soluble in HCl and H^T ; their solution in this 
latter acid distinguishes them from the other anhydrous and 
hydrous oxides of the group ; they are also readily soluble in 
solution of the fixed alkalies. HNO3, or fusion with nitrates, 
converts Sb^O^ into a higher oxide. AU2O3 is of a deep brown 
colour ; its hydrate is somewhat lighter in colour. FtOj and 
its hydrate are reddish brown. The auric and platinic oxides 
and their hydrates are readily soluble in HCl, but dissolve with 
difficulty in the oxygen acids. 

224. The sulphides are formed, and in the amorphous state, 
on passing H^S into a solution of their salts containing some 
free minersd add,* with the exception of AB2S5, as AsjS,, with 
separation of sulphur, and not A82S5, is formed on passing 

* AhjS, is precipitated by H,S from cold lolationB of AnCI^ bat if the 
flolution of AqC]] is boiling Av^ is precipitated. 
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H2S into acid solutions of AsjO^. The amorphous Sb^S^ 
SnS, and SnSg, obtained in this manner, are hjdrated. As^Sj 
may be formed bj adding HCl or other acid to a dilute aqueous 
solution of Na3A8S4, or any soluble sulph-arsenic salt. The 
following is the reaction : — 

• 2Na3AsS4 + 6HC1 = AajS^ + 6NaCl + SH^S 

precipitated 

SbjS^ may be obtained in crystals by melting together at a red 
heat a mixture of S and SbjO^. SnS may be obtained crys- 
talline by heating Sn, in a finely-divided state, with S. SnS^ 
may be obtained crystalline by heating a mixture of tin-filings, 
S, and NH4CI, or Hg, slowly to redness in a glass retort or 
loosely-covered flask. SnS^ cannot be obtained by simply 
heating Sn and S, because the union is attended with such a 
development of heat that SnS^ is resolved into SnS and S. A 
volatile substance, as NH^Cl or Hg, is added to lower the 
temperature by rendering latent some of the heat evolved. 
The sulphides of this group are insoluble in HjO, but soluble 
in the alkalies and alkaline sulphides. These sulphides possess 
acid characters ; they, therefore, combine with the alkaline 
sulphides', which are basic, and form sulphur salts. When 
dissolved in the alkalies an oxygen, as well as a sulphur salt, is 
formed thus : 

AsgSg -f 6KH0 = KsAsS, + K,AsO, + SHjO. 

The solutions of these sulphides in the alkalies and alkaline 
sulphides are decomposed by the stronger acids, the sulphides 
repredpitating, an alkaline salt of the acid added being formed, 
and when alkaline sulphides are employed H2S being evolved. 
The members of this group are not precipitated by H^ from 
alkaline solutions. Heated out of contact of the air, Au^g is 
decomposed into its elements, FtS2 and SnSj are converted 
into the protosulphides, S being given off, SbjS^, Ab^^, and 
AsjSg, melt below a red heat, and volatilize unchanged at a 
higher temperature. Heated in air,-^Au2S3, and PtSj, yield 
Au, Pt, and SO^, SnS and SnSj yield SnO/and SOj, 
A92S5 and AS2S3 yield AS3O3, and SO2, Sb^Sjp is con- 
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verted into a fosible mixture of SbjO, and Sb^S^ which 
is of a red colour, and constitutes the eommercial glass of an- 
timony. Heated in a current of Ci, PtS, and Au^Sj are de- 
composed, Pt and Au remaining, As^S,, Sb^S^ SnS, and SnS,, 
are converted into AsClji, SbCl^ and 8nC]^ chloride of sul- 
phur being also formed. Au^, PtS^, Sb^ and SnS, are re- 
duced, the latter only slowly, when heated in a current of H ; 
AsjS, is only partly reduced by H. The sulphides of As, Sn, and 
8b, are converted into their highest oxides on being fused with 
NaKOj and Na2C03; the fused mass contains, if all these 
sulphides were present, SnOj, sodic arseniate and antimoniate, 
with Bodic sulphate, carbonate, nitrate and nitrite. SbjS, and 
AbjS^ when heated in a current of steam, are partially oxi- 
dized, a sublimate composed of the oxide and sulphide in each 
case being formed, and H^ evolved ; if recently precipitated 
SbjSj and As^S, are boiled in H^O for some time, a small por- 
tion becomes decomposed, Sb203 and As^O, being formed, and 
dissolved in the water, whilst H^S is evolved. Dry HCl gas 
decomposes SbsSj, but not AsjS, ; the SbCl, which is formed 
is very volatile in a current of the HCl gas. Becently preci- 
pitated A82S3 dissolves in KHSO3 (the sulphides of 8n and 
Sb do not) ; if the solution is heated, SO2 and S are set free, 
sad there remain in solution £^^2^8 ^^^ KHgAsOg ; the fol- 
lowing is the reaction : 

2AS2S3 + I6KHSO3 = 6K2S2O3 + 4KH2A8O8 + 4H2O + 

7SO2 + S3 

SbjSj is decomposed by G with heat, Sb and CS2 being 
formed, but A82S3 is not. If vapour of AsjSg or A82Sg be 
passed over heated Fe or Ag, or other metals, they are decom- 
posed, the S combines with the heated metal, and the As is 
set free, which also combines with the reducing metal if it be 
in excess. Sn, Fe, Cu, and other metals, decompose SbjS^ at 
a red heat by combining with the S, the liberated Sb combines 
^th the reducing metal if it be in excess. If the sulphides of 
^ Sn, and Sb, are fused with KCy, the metals are obtained, 
uid potassic sulphocyanide is formed. The arsenic sulphides 
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are soluble in NH4HO and in solutions of NH4HCOS, whilst 
the antimony and tin sulphides are almost insoluble in these 
reagents. The colour of the 9ulphyie9 and their tolubiliiy in 
acids. — Crystallized Sb^Ss is bluish-blacky the hydrated amor- 
phous Sb2S3 is orange red, whether in the crystallized or 
amorphous state it is insoluble in dilute acids, but concentrated 
HCl dissolves it^ SbClg and H2S being formed ; concentrated 
H2SO4 decomposes it, yielding SO2, S and a sulphate of SbgO, ; 
concentrated HNO3 also decomposes it. Crystallized and 
amorphous AsjSj, also called orpiment,* is lemon-yellow, con- 
centrated and boiling HCl decomposes it only* very slightly ; 
HNO3 decomposes it, H3ABO4 and H2SO4 being formed ; it is 
also decomposed by aqua regia. SnS in the crystalline form 
is bluish-grey, the hydrated amorphous SnS is chocolate-brown ; 
it is insoluble in dilute acids; it dissolves in boiling HCl; 
boiling HNO3 converts it into insoluble hydrate of meta- 
stannic acid. SnSj obtained in the dry way is a beautiful 
flaky compound, which is known under the name of mosaic 
gold ; hydrated amorphous SnS2 is faintly yellow ; aqua regia 
is the only acid which decomposes mosaic gold, but the hy- 
drated sulphide is not only decomposed by that acid, but also 
by boiling HCl, and also by concentrated HNO3, which 
converts it into insoluble hydrate of metastannic acid. PtSj 
is blackish-brown, and AU2S3 is black ; they are not attacked 
by HNO3 or by HCl, but they are dissolved by aqua regia. 

225. The chlorides.—-ABC]^,'f SbClg, SnCLj, and SnCl4 may 
be obtained in the anhydrous state by distiDing a mixture of 
the metals and HgCl2. The following are the reactions : 

(1) 2As -f 3HgCl2 = 2ASCI3 + 3Hg. 

The A8CI3 passes over into the receiver as an oily colourless 
liquid. 

(2) 2Sb + 2 HgCl2 1= SbCl3 + SbHg + HgCl. 
(8) Sn + HgClj = SnCLj + Hg. 

The SnCl2 remains behind as a grey brilliant mass, with a 
vitreous fracture ; at a dull red heat it may be distilled. 

* Realgar is a salphide of arsenic, its formula is AsyS^ 
t There is do other compound of As and CI known. 
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(4) Sn + 2HgCl2 = SnCl^ + Hgj. 

On the application of heat, SnCl4 distils over as colourless 
liquid. AsCl^ SbCI,,* and SnCl^, may abo be prepared by 
passing a enrrent of CI over the metals or the sulphides, or 
hy heating stannic or antimonious sulphate with NaCl, and by 
heating AsjOg with HSO4 ^^^ NaCL As GI3 is a dense trans- 
parenty oily, and volatile liquid, which does not solidify at 
18^ C, and boils about 132° C. It evaporates in the air at 
ordinary temperatures. SbClj is a colourless, fusible, volatile 
solid, which is crystallizable and deliquescent ; from its ready 
fusibility it wa& formerly known under the name of butter of 
antimony. SnClj is a white, frequently grey solid, fusible, 
and Yolatfle at a high heat. SnCl4 is a transparent, colourless 
fluid, which does not congeal at ~~ 29° C, and boils at 121° C. ; 
it emits dense white fumes when exposed to the air, it ab- 
sorbs water rapidly from the air, forming a terhydrate SnCl4, 
SHjO. These four chlorides are decomposed by H2O, AsCl,, 
if moch water is added, is decomposed into AsgOg and HCl, but 
if only a small quantity is added, into (ASCI3, AsjO,) and HCl ; 
SbClj is soluble in a small quantity of H^O, but in a large 
quantity it is decomposed into (SbClg Sb203t) and HCl ; > if 
tartaric is added to the solution this decomposition is pre- 
vented. If hot water be added to a hot solution of SbClg in 
HCl, it is decomposed into (2SbCl3, SSbjOjt), formerly called 
powder of algaroihy and HCl. SnCl^ is decomposed, if mixed 
with a large quantity of water, into (SnClj, SnO, 2H2O) and 
HCl. 8nCl4 is readily soluble in a small quantity of water, 
but it is decomposed if much water be added into HjSnO^ and 
HCl ; the precipitate of the antimony, stannous and stannic 
compounds is prevented if HCl be added along with the water. 
In the hydrated state SnClj is obtained by dissolving Sn in 
HCl, the solution is usually effected in copper vessels on the 
large scale, since the voltaic opposition of the two metals 

* If the Sb 18 Icept in excess, SbCls U formed ; but if the CI Lb in excess, 
SbCl, is prodaced. 

t By oontinned washing with water the chloride in these two 00m- 
ponnds becomes removed and SbjOj only remains. 
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favours the solution of the Sn ; it crystallizes on evaporating 
the liquid in prismatic needles, the formula being SnClo, 2H2O. 
A solution of SnC]4 ^^7 ^^ prepared bj dissolving stannic 
hydrate in HCl, or by treating a solution of SnClj with CI or 
by mixing SnCl2 with HGl and treating it with H^ O3 ; when 
its aqueous solutiou is mixed with one of the alkaline sulphates, 
hydrated stannic oxide is precipitated thus : 

SnCl4 + 4^82804 + 4H2O = SnO^, 2H2O + INaQ + 
4NaHS04. Hydrated SbClg is obtained in solution by dis- 
solving Sb203 or SbClg in HCl, the addition of tartaric acid to 
the solution prevents its decomposition by water; by eva- 
porating the solution of Sb in HCl anhydrous SbCIj is 
obtained. Afio^s dissolves copiously in HCl ; and if As^Og or 
one of its salts is distilled with HCl of at least 1*1 density, 
AsCl], passes over with the aqueous acid. As may by this means 
be separated from most other metals and from organic matter ; 
and the reaction explains the presence of As in hydrochloric 
acid made with oil of vitriol containing As ; dilute solutions of 
A82O3 in HCl may be evaporated below 100^ C. without any 
AsCl^ volatilizing; but if the mixture be distilled to dry- 
ness in a retort, the AsClj passes over with the last portions 
of the acid liquid. SbOlj combines with HCl and other 
chlorides, especially the alkaline chlorides, the general formula 
for which is (M'C1)3 SbClg. SbClj is employed for bronz- 
ing gun-barrels to prevent them rusting, the iron decom- 
poses SbCl^, and there is formed on the iron a covering of 
SSb. SnCl2, 2 HO in crystals or in solution absorbs oxygen on 
exposure to the air, and forms a mixture of SnCl^ and an oxy- 
chloride ;* SnCl2 has a strong attraction for CI and for O, and 
is therefore a powerful reducing agent ; it reduces gold, silver, 
and mercury salts to the metallic state ; it converts ferric and 
cupric salts into ferrous and cuprous ones ; it reduces chromic, 
manganic, arsenic, antimonic acids, &c,, and the higher oxides of 
Fb and Bi, <&c., into lower oxides ; it reduces nitric acid to 

* The decompoBition mnj be prevented and the solution kept dear, b3' 
the addition of HCl, HT , or KH^CI, with which SnCl, forms a double 
salt not decomposable by H^O or by exposure to air. 
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nitric or nitrous oxide, hjpochloroas acid to chlorine; it 
depriyee sulphurous acid of its oxygen ; it converts indigo-blue 
into indigo-white ; it is extensively employed as a mordant by 
the dyer and calico-printer under the name of salts of tin, and 
they also employ it for deoxidizing indigo and ferric and man- 
ganic oxides. It forms double chlorides with many of the 
chlorides of the alkalies and alkaline earths. SnCl4 forms 
doable salts with the soluble chlorides; the double salt 
2NH4Cl,SnCl4 is the pink salt of the dyer ; an impure SnCl4 
is used by dyers under the name nitro-muriate of tin, eompo- 
tition, phjfsic, or tin solution, it is used for brightening and 
fixing red colours. PtCl4 and AuClg are obtained by dissolving 
the metals in aqua regia, aud evaporating the solution to dry- 
ness, the former by steam heat, and the latter at a temperature 
not exceeding 250'' C. ; in each case a red deliquescent mass is 
obtained, which is soluble in water, in alcohol and ether ; these 
chlorides combine with other chlorides, forming double salts ; 
they combine with most of the chlorides of the organic bases, 
they are therefore employed to determine the combining 
number of organic alkalies. They both give off CI when 
heated, but Ft retains CI much more tenaciously than Au. 
SO2 and alkaline sulphites reduce PtCl4 to PtClj, but those 
reagents precipitate Au firom AuClg; this latter chloride is 
easily reduced by many substances, for instance, by F, by 
most metals, by ferrous salts, by oxalates, by A^jO^ and 
tSbjOj, by many vegetable and animal substances. When Sn is 
digested in a neutral solution of AuClj, or a mixture of SnCl.^ 
and SnCl4 ^^^ much diluted is added by degrees to a neutral 
solution of AuClji, a flocculent purple deposit called purple of 
Camus is obtained. "The nature of this compound has been 
the subject of much discussion ; Berzelius considered that it 
consults of a hydrated double stannate of gold and tin 
(Sn'^Au^Sn^Oj, 4H2O) ; it is decomposed by acids, Au being 
left; it is unaffected by light; it is insoluble in the fixed 
alkalies, but soluble in NH4HO, forming a deep purple 
solution, from which it is deposited unchanged if the ammonia 
be expelled by heat or neutralized by an acid. The ammonic 

7 
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solution is bleached by the action of ligbt and Au is deposited. 
Purple of Gassius, when mixed with a little borax or some 
fusible glass, and applied to the surface of china, imparts to it 
a beautiful rose or a rich purple colour. It is this compound 
which is added as the colouring material in the red glass of 
Bohemia." 

226. HydrideB of As and Sb. — As and Sb form with H 
gaseous compounds, Tiz., arsenuretted hydrogen ASK3, and 
antimonuretted hydrogen SbHg; these compounds maj be 
prepared — 1. By acting upon metallic arsenides and antimo- 
nides with acids :* 

(1) A82Zn8 + 3H2SO4 = 2ASH3 + 3ZaS04. 

(2) Sb^ng + 6HC1 = 2SbH3 + aZnCly 

2. By the action of nascent hydrogen, evolved, for instance, from 
Zn and H.^S04, upon soluble arsenic and antimony com- 
pounds : 

(1) AsjOj + 6Zn + 6HaS04 = 2ABH3 + GZnSO^ + SH^O. 

(2) SbClj + 3Zn + 3HC1 = SbH^ + 3ZnCl2. 

Fe and Sn act much less efficiently than Zn in producing these 
compounds. The SbHg is always mixed vdth free H. The 
H evolved from the negative pole of a battery of several cells 
converts As^Os into AsHg, but a weak current produces only 
a deposit of As ; electrolytic H converts a portion only of the 
Sb of soluble antimony compounds into SbH^, the remainder 
of the Sb being deposited in the metallic state on the nega- 
tive plate. 

227. The nascent H evolved by the action of KHO on Zn 
or Al, combines vrith As in arsenites forming AsH^, but 
it does not act upon antimony compounds and form SbH^ ; 
hence Fleitmann generates hydrogen in this manner to distin- 
guish between As and Sb (par. 229). 

228. A8H3 and SbHg are colourless gases, the former has 
a most unpleasant odour, the latter is odourless; if passed 
through a heated tube they are decomposed into their ele- 

* Water decompOBes the componnds of the alkaline metala with Ab and 
Sb, AsH] and SbBg being formed along with the hydrate of the alkali. 
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meDts, as tliej decompose below a red heat. When burnt Id 
the air thej yield HgO and AB3O3, and Sb^Og, respectively. 
If the supply of air is limited by depressing the flame with 
a piece of porcelain for instance, the H only is oxidized, the 
metal being set free is deposited on the porcelain, if cold. They 
are decompoeed by CI and by SO2, HNO3, aqua regia» and by 
all oxygenated acids, including strong H2SO4; they are also 
decomposed by solutions of mercury, and most other heavy 
metallic salts. They are decomposed when passed through 
concentrated HNO3, ^s^^si ^^^ H3ASO4, and SbjO^ being 
formed. When passed through a solution of AgNOg the fol- 
lowing changes ensue : 

(1) A8H3 + 6AgN0, + 3H2O = HgAsOj + 3Ag2 + 6HNO3. 

(2) SbHg + SAgNOg = AggSb + 3HNO3. 

229. If a solution containing H3ASO3, or an arsenite, be 
mixed with a large excess of a concentrated solution of KHO, 
and boiled with fragments of granulated Zn, H3AS is evolved, 
and may be readily recognised by allowing it to pass on to a 
piece of filter-paper moistened with a solution of AgN03 ; the 
paper assumes a purplish-black colour, even when a small 
quantity of arsenic is present. This test serves to distinguish 
As from. Sb (Fleitmann). 

230. As forms one other compound with H ; it is a brown 
powder, and is obtained by passing an electric current through 
water, the negative pole being formed of metallic arsenic. Its 
formula appears to be AsH^. 

eSKSBAL CHABACTEBS OF THE SALTS OF THIS OBOtTF. 

231. Stannous salts are either colourless or possess a yel- 
lowish tinge, they have a disagreeable metaUic taste, and 
rapidly abstract oxygen from the air and from oxygen com- 
pounds, and become converted into stannic salts. When largely 
diluted vrith water their solutions become milky; on the addi- 
tion of a small quantity of HCl they are again rendered clear. 
Stannic oxide forms two hydrates distinguished as stannic 
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(H2SDO3) and metaatamiic bydrates (H^Sn^On, ^HjO), the 
H2Sn03 ia obtained bj adding NH4HO to a solution of SnC)4 ; 
it is an amorphous gummy substance, soluble in HCl, HNO^, 
H2SO4, H2T, and in KHO and NaHO, but not in NH^HO. 
HgSr^Oii, 4H2O is obtained by heating Sn or SnO with 
HNO3, it is insoluble in U^T, and in HNO3; when heated 
with concentrated H28O4, it readily dissolves, forming a com- 
pound soluble in water, but on boiling the solution the com- 
pound is decomposed, the two acids separating. It is also inso- 
luble in HCl, but it forms with it a compound insoluble in acids, 
but soluble in water ; it is readily soluble in solutions of the 
fixed alkalies and their carbonates, but it is not dissolved hv 
NH4KO unless recently precipitated from a cold solution of 
its salts by the addition of an acid. By a heat of 2S4i° C. 
stannic is converted into a metastannic add, and the latter is 
converted into the former by fusion with an excess of caustic 
alkali. Both these acids unite with bases and form salts ; the 
metastannates can exist only in the hydrated state, and those 
of potash and soda are the only ones soluble in water ; the 
soluble qtannates have a strong alkaline reaction, and their 
solutions absorb CO2 from the air. Stannic hydrate dissolves 
in the stronger acids, forming stannic salts ; these salts can also 
be prepared by adding to solutions of stannous ones an excess 
of acid, and then adding CI or a small quantity of HNO3. 
The stannic salts of the oxygen acids are very unstable. The 
acid properties of stannic hydrate are more powerful than the 
basic ones. Na2S04, NH4NO3, and most of the neutral salts 
of the alkalies, if added in excess, and the solution be 
not too acid, precipitate from both the stannates and me- 
tastannates their hydrates. Some of the antimonious salts 
are decomposed by ignition, the haloid salts volatilize readily 
and unaltered; the antimony salts are decomposed when 
treated with a large quantity of water into soluble acid and 
insoluble basic salts; the basic salts are distinguished from 
the basic bismuth salts formed under like circumstances by 
being dissolved by a solution of HjT, in which the latter are 
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insoluble. The hydrate HSbOj* possesses more of the char- 
acters of a base than of an acid, nevertheless it can combine 
lirith bases. Potassic antimonious tartrate (tartar emetic) 
XSbC4H40^ is employed in medicine ; it is prepared by boiling 
three parts of Shfi^ with four parts of KHC4H4O0 for about 
half an hour, renewing the water as it evaporates and filtering 
whilst hot ; it is viewed by many chemists as containing the 
monatomio radical antimonyl (SbO) ; its formula according to 
this view is K(SbO)'G4H4O0, and it is named potassic anti- 
monylic tartrate. Arsenious acid unites with bases in several 
proportiona ; the arsenites are not very stable ; the alkaline are 
the only arsenites soluble in HjO, their concentrated solutions 
are decomposed by the COj in the air ; the insoluble arsenites 
are dissolved with decomposition by KCl. The arsenites of 
the metals of the alkalies and alkaline earths are decomposed 
by heat into arseniates, As being given off ; plumbic arsenite is 
not decomposed by heat ; the other arsenites are decomposed 
by heat, AsjOg being given off, and the metal left as oxide 
unless it is reducible by heat. Potassic arsenite is used in 
medicine under the name of Fowler' $ solution, and CuHAsOj, 
and the double salt of arsenite and acetate of copper (dCuAs^Oj^ 
CU2C2H3O2), are employed as pigments, the first under the 
name of SeheeWs green and the latter under the name of 
Schweinfurt or emerald green. Arsenic acid is a powerful 
aeid, it takes away the bases from volatile acids; its salts 
have the general formula M3A^04; one or two atoms of 
M' can be replaced by an equal number of atoms of H ; 
the alkaline arseniates are soluble in water, but the other 
arseniates are insoluble ; most of the arseniates can bear a 
strong red heat without suffering decomposition. The salts of 
gold and platinum are decomposed onignition. KHO, NaHO, 
NH4IIO, and their carbonates, produce in solutions of stannous 
salts a precipitate of SnHjOj, and in solutions of stannic salts a 
precipitate of stannic or metastannic hydrate, according to the 
nature of the solution ; these different precipitates are soluble 
in an excess of KHO or NaHO, but are insoluble in an excess 
* The normal hydrate HsSbOg is not known. 
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of the other precipitants ; these reagents precipitate also ShjO^ 
from solutions of SbClj^, and also from other salts of SbjOg, 
but from solutions of tartar emetic less completely, and only 
after the lapse of some time ; the precipitate redissolves pretty 
readily in KHO or NaHO, but requires the application of heat 
for its solution in E^COj^, and is altogether insoluble in 
NH4HO. Zinc precipitates from stannous, stannic, and anti- 
monious solutions in the presence of free HCl, the metal ; if 
the reduction takes place in a platinum vessel the part of the 
platinum covered by the liquid is stained brown or black by 
Sb but not by Sn ; HCl does not remove the stain, hot HJN'Og 
removes it immediately. The members of this group are dis- 
tinguished from those of the other groups by the solubility of 
their sulphides in the alkalies and alkaline sulphides ; unlike the 
members of the previous groups, but like those of the sixth, 
they are precipitated from their acid solutions by H2S. 

BEMABKS OK THE HTDIYIDUAL ICEMBEBB OF THIS OBOITF, WITH 

ADDITIONAL SPECIAL TESTS. 

232. Sn and its compounds, — Sn has very little tenacity ; it 
can easily be obtained in crystals ; it is expanded by combined 
hammering and heating into sheets or leaves called tinfoil. 
8n02 occurs native as tinstone or cassiterite ; this is the only 
ore of tin that is worked. Tin is a constituent of several 
important alloys. Speculum metal for the mirrors of reflecting 
telescopes, bell metal, and gun metal, are alloys of Sn and Cu ; 
and the bronze used for coin consists of 95 pts. Cu, 4 of Sn, 
and 1 of Zn ; solder is an alloy of Sn and Fb, and the amalgam 
of Sn and Hg is employed for the silvering of mirrors. 

233. AuClg produces, in solutions of stannous salts contain- 
ing a small quantity of free HNO3, a precipitate (purple of 
Cassius). 

234. K a solution of a stannous salt is added to a mixture of 
K^Pe^Cyij and FcgCl^ Prussian blue precipitates immediately. 
This delicate test for a stannous salt can only be conclusive 
in cases where there are no other reducing agents present. 

235. Solution of HgCl2 produces in solutions of stannous 
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salts a white precipitate of HgCl, owing to the tin salt with- 
drawing half the CI from the HgCl,. If sufficient quantity of 
the tin salt be present, it removes, after a time, all the Gl from 
the Hg; the colour of the precipitate then becomes grey. 
Since this reaction takes place even in highly dilute solutions, 
and in the presence of much free HCl, it is wery valuable for 
the detection of stannous compounds. 

236. If NajCOj be mixed with equal parts of ECy and 
stamious or stannic compounds, and the mixed mass be sub- 
jected, upon a charcoal support, to the inner blowpipe flame, 
duetUe metaUie gfrains ofTiix will be obtained, unaccompanied 
by any incrustation upon the charcoal.* 

237. On the charcoal splinter the Sn compounds are easily 
reduced to white, lustrous, ductile, metallic beads. The 
flattened particles, transferred to the curved glass, slowly 
dissolve in HCl ; and the solution, when absorbed by paper, 
gives a red precipitate with selenious, and a black precipitate 
with tellurous acid dissolved in HCl. If to the solution a 
trace of bismuth-nitrate be added, an excess of soda gives a 
black precipitate of Bi^Og. The metal, acted on by HNO3, 
yields a white powder of insoluble SnOj. 

238. A borax heady containing enough CuO to render it 
&intly blue, serves as a delicate test to ascertain with certainty 
the presence of a trace of a Sn compound, as the bead, placed 
in the lower reducing flame, turns reddish brown, or forms a 
clear ruby-red glass. — Bwnsen, 

239. Whetli^ the Sn exists as a stannous or a stannic com- 
pound may be ascertained by adding to one portion of the 
fioiation HgCl^, AuCl,, or a mixture of K^FejCy^^ and FcjCl^, 
And by adding another portion to a hot concentrated solution 

* Bkutam has pointed oot that if the KCy contains any E,S04, the 
whole of the Sn is not obtained in the metallic state; if the qnantity of 
KjSO^ ii small, a portion of the Sn is converted into SnS, which separates 
ast iZodr powder on treating the fiised mass with H^O; if there be mach 
K3SO4, a portion of the Sn is converted into SnS,^ which is found in the 
aqneoos solution of the fused mass, and from which it may be precipi- 
tated bj HCL 
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of ^82804. These, along with the blowpipe tests, are charac- 
teristic of Sn. 

240. Another oxide, SnjOs, is known. It is obtained as 
a slimy grey hydrate by boiling EejHgO^ in a solution of 

SnCla : 

2SnCl2 + FeaOg = Sn^Os + 2FeCLj. 

It dissolves in NH4HO, which distinguishes it from SnO ; 
and it is distinguished from SnOj by forming with AuCl^j a 
purple precipitate. It does not appear to form definite salts. 

241. Sb and iU compounds. — Sb is a brilliant bluish-white 
metal. It is hard, and so brittle that it can be easily reduced 
to powder. It is inferior to most of the metals as a conductor 
of heat and electricity. In the state of fine powder it is easily 
dissolved by digesting it in a solution of a potassic polysul- 
phide. If one part of tartar emetic is dissolved in four parts of 
a solution of SbCl,, and the solution is subjected to the action 
of two or three cells of Smee's battery, using a plate of Sb for 
the positive, and a copper wire for the negative electrode, a 
metallic deposit of Sb, having the colour and lustre of highly* 
polished steel, and a bright metallic amorphous fracture, ia de- 
posited, the deposit retains 5 or 6 per cent, of SbCl,. This 
amorphous Sb, when heated or struck, undergoes a rapid and 
intense molecular change throughout its mass, attended with 
great evolution of heat, increasing, at the same time, in density ; 
it retains its cohesion and metallic aspect, but becomes grey, 
and acquires a granular fracture, and an increased density. 
The change is attended with an abundant disengagement of 
fumes of SbClg {Qore), Sb is a constituent of several important 
alloy& It confers on these compounds hardness and the pro- 
perty of expansion in the act of solidification. Ordinary type 
metal is composed of 3 or 4 parts of Pb and 1 of Sb ; the best 
is composed of 2 parts of Fb, 1 of Sn, and 1 of Sb. The prin- 
cipal mineral of Sb is the sulphide Sb^S^. 

242. Introduce an antimonial solution into the apparatus 
(fig. 2), and add some Zn and dilute H2SO4, the presence of 
Sb in the evolved gas may be recognised by the following 
reactions : 
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Iflt. The gas will bum with a Uuitk^een flame^ emitting 
white fumes of teroxide of antimony , which may be condenfled 
in a cold beaker, dissolyed in htfdroehlorie acid and tested with 
hydrosulphuric acid. 

2nd. If the inner surface of a porcelain capsule be de p r e s se d 
npon the flame, a black 9pot of metallic antimonj will be de- 
posited upon it, which is lustrons, onlj when in thin lajers. 
This deposit is distinguished from the similar arsenical stain bj 
its solubility in solution of chloride of soda (NaClO), and by its 
ready solubility in (NH4)2S. Another method of testing the 
deposit is to moisten it with HNO3 of Sp. gr. 1*42, then heat the 
Teasel over a lamp, and blow over the surface to caose the acid 
to eyaporate ; the white deposit which remains will turn deep 
black with ammonio-nitrate of silver. 

3rd. The glass tube from which the gas issues should be 
heated with a spirit lamp, in the centre ; a lustrous mirror of 
antimony will be deposited on the inside of the tube, imme- 
diately around the flame of the lamp, whilst the bluish-green 
tint of the hydrogen flame in great measure disappears. The 
means for distinguishing this mirror from the arsenical one are 
given at pars. 262— 2nd, and 263. 

243. These reactions should be compared with those of 
terhjdride of arsenic under similar cirenmstanoes. 

244. If a solution of SbjO, in one of the fixed alkalies is 
mixed with a solution of AgNO^ a deep-black precipitate of 
Ag^O forms with the greyish-brown precipitate of AggO. Upon 
now adding NH4HO in excess, the Ag^O is redissolved, whilst 
the Agfi is not {H. Bose). This very delicate test enables 
one to detect readily the presence of Sb^Oj in the presence of 
SbjOj. 

245. DeieeHon of Sb in tnrganie mitiures. — ^If it be in the 
*olid state it should be cut up into small pieces ; if it is a 
liquid, and in large quantity, it should by evaporation be 
reduced to a convenient bulk. It is then mixed mith HGl 
and ECIO^ as dmcted at par. 733 ; from the filtered liquid 
the Sb may be precipitated by HjS, or it may be introduced 
into the apparatus (fig. 2) and the gas tested for Sb, as 
directed in par. 242— Ist, 2nd, and 3rd. 
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246. KoompotmdB of Sb, mixed with Na^COg and KC7, be 
exposed, upon a charcoal support, to the reducing flame of the 
blowpipe, brittle grains of Sb will be formed, accompanied 
with a white incrustation on the charcoal. 

247. Ihme eoloroHonj by treatment in the upper reducing 
flame, pale green, unaccompanied by any smell. 

248. Reduction film black, sometimes dead, sometimes bright. 

249. Oxide film^ white ; moistened with a perfectly neutral 
solution of AgNOg, and then blown on by ammoniacal air, it 
gives a black spot which does not disappear in NH4HO. If the 
film be first placed over bromine vapour the reaction cannot 
be obtained, owing to the oxidation of SbjOg into SbjO^. It 
is unaltered by SnClj, either with or without NaHO. 

250. Iodide film orange red, disappearing by breathing, and 
reappearing by blowing or warming; blown on with ammo- 
niacal air it disappears, but does not return* Generally it gives 
the same reactions as the oxide. 

251. Sulphide film orange red. The film is difficult to blow 
away with NH4S2 ; returns on blowing with air ; insoluble in 
water. 

252. With toda on charcoal MpUnier gives no black stain on 
silver, but yields a white brittle metallic bead. 

Characteristic reactiont, — The (Mrange-coloured precipitate 
with H^, the Jlame reactions^ and the decomposition of the 
neutral salts by water, and the solubility of the precipitate in 
H^T. 

253. Two other oxides of Sb are known, vis. Sb204, which 
is generally regarded as composed of equal equivalents of 
SbjOg and SbjO^, and is therefore named antimoniate of anti- 
mony. This oxide is obtained by heating strongly Sb^Of, which 
loses by the ignition one fifth of its O and becomes converted 
into Sb204, or it may be obtained by roaB1j^lg SbjOs in the air. 
It is white, infusible, and unalterable by heat ; slightly soluble 
in HjO, more soluble in HCl ; it is resolved into SbjO, and 
Sb20( on boiling it in a solution of KHT. The other oxide is 
Sb205, it is called antimonic oxide, or anhydride, and is 
obtained by heating below redness one of its hydrates. It is 
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a yellowish powder insoluble in water aiid acids, bat tolable in 
a Bolution of KHO ; and when fused with EjCOj the CO, is 
expelled, and potassic antimoniate is left. It appears to form 
tbiee hydrates, forming three distinct acids thus : H^SbO^ the 
normal hydrate ; HSbO^, antimomc add ; H^SbjO^, metaoti' 
monic add. 

254. As and its compaundt, — As has a brilliaot dark steel* 
grey lustre. It is TCiy brittle, and is easilj redoeed to powder* 
As^Og is the arsenic, or tohite ar^enie^ of the shops. There are 
two Tarieties of this oxide, one, from its appearance is termed 
the yitreoua, and the other the milky Tsrietj ; when heated, 
they volatilize in white inodorous fumes. Both kinds are more 
easily soluble in hot than in cold water. As/), is exceerliugl j 
poisonous ; and being altogether inodorous, almost destitute of 
taste, and readily obtainable, is fiequentlj employed as a 
poiaon. The best antidote is the moist and well-washed ferric 
hydrate. Artenie anhydride (As^^) is a white solid ; it has no 
action on litmus paper; is nearlj insoluble in H/) and in 
NH^HO; it fuses at a low red heat without undergoing decom- 
poflition, but at a higher temperature it is resolved into and 
AijO,, which yolatilizes. Anenie meid (H^iAsOJ is readily 
soluble in water, and it may be obtained in large transparent 
crystals by exposing a concentrated solution to a Tcry low tem* 
peratore. Its aqueous solution dissolves Zn and Fe with evolu- 
tion of H ; but if H^4, or HCl, is present it is reduced and 
converted into H^As. SO, passed through a solution of it 
reduces it to As^O,, H2SO4 beingformed. The greater part of 
AfljOj of commerce is prepared from mispickel (FeAsS), an 
anenical sulphide of iron furnished abundantly by the Silesian 
mines; and from the arsenides of Ni and Co, which yield 
AsjOgy as a secondary product in the ordinary process of 
working these ores. In the manufacture of shoit a small 
quantity of As is added to the Pb to &cilitate its assuming the 
globular form. 
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BEQATIOUB OF A&,0. AJFD THE ARSEVTTKS WITH BEAGEITTS. 



255. AgXOj prodaces in neutral solutionB of the anenites 
a yellow precipitate of AgjHAaOj, soluble in H^N'O^ and 
XH4HO ; AgXOj, therefore, produces no precipitate, or only 
a slight turbidity in solutions of AsjOji, but on neutralizing the 
acid with NH^HO the precipitate appears. Ammonio-nitrate 
of silver is, therefore, a more appropriate reagent than AgNO, 
if the acid be free. 

256. CuSO^ produces in neutral solutions of the arsenites a 
yellowish-green precipitate of CuKAsO, soluble in NH^HO, 
and in acids; CUSO4 produces, therefore, no precipitate in 
solutions of A^Oji, but on neutralizing the add with NH^HO 
the precipitate appears ; ammonio-sulphate of copper is, there- 
fore, a more suitable reagent than CuSO^ in testing an acid 
solution. 

257. If to a solution of As^O^ or an arsenite, solution of 
KUO be added in excess, and a few drops only of a diiuie 
solution of CUSO4, '^^ ^^® liquid subsequently boiled, a red 
precipitate of CujO will fiJl down, whilst the solution will con- 
tain P0TA8B10 ASBEKiATB. This tost is particularly applicable 
in distinguishing AsjOji from Ab^O^. It cannot be employed 
with safely as a direct means for detecting As^Ojp as manj 
organic substances possess the property of reducing CuO to the 
state of Cu^O. 

258. *' If to AS2O3, no matter whether in the solid form or in 
solution, some HC2H3O2 is added, and then KHO in slight 
excess, the mixture evaporated to dryness, and the residue 
heated to redness in a small tube — or if a trace of As^O^ is 
introduced into a narrow test-tube, and there covered with a 
somewhat larger quantity of NaC^H^Oj, and heat applied — 
part of the AsjOg is reduced, but there forms at the same time 
ALKASSiK (oxide of cacodyl) 2(As(CH3)2)0, which makes its 
presence immediately known by its equally characteristic and 
formidable odour, which somewhat resembles that of sharp 
onions. This changes speedily to the not less characteristic 
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odoar of chloride of caeodjl (As(CH^^}CI), if the ignited 
contents of the tube are heated wiUi a few drops of SnCl^ — 
Bufuen. 

259. If anenites, or Aa^O^ or As^ are fuaed together with 
a mixture of equal parts of drj Na^CO^ and KCj, the whole of 
the As, and also the base, if an ea^ilj redacible one, Lb reduced 
to the metallic state, the O conrerts part of the KCj into 
KCyO. In the redaction of AsjS^ KCtS is f<mned. The 
operation is conducted as foUows: — Introduce the peifectlj 
dry arsenic compound into the bulb of a small bulb-tube, and 
cover it with six times the quantity of a perfectly dry mixture 
of Na^COj and KCy. The whole quantity must not more than 
half fill the bulb, otherwise the fusing KCy is likely to ascend 
into the tube. Apply the heat of a lamp to the bolb, ancf con- 
tinue this for a while, as the As frequently requires some time 
for its complete sublimatioiL The metallic mirror ia deposited 
on the cold part of the tube of exceeding purity ; and is obtained 
from all arsenites whose bases remain either altogether un* 
touched, or are reduced to arsenides which lose iheir As partly 
or totally upon the application of heat. By this method minute 
qoantities of As can be detected, and it is especially adapted 
for obtaining As from As^S,. The delicacy is increased by 
heating the mixture in a stream of dry COj. as described in the 
sext par. 

260. The apparatus (fig. 1) consists of a flask A capable of 
holding about eight or twelve fluid ounces ; it is fitted with a 
fannel-tube, and a bent tube which dips into a smaller flask, 
B. In A CO2 is slowly generated from pretty large firagments 
of marble (no powder) and dilute HCl ; it is conveyed into B, 
which is partly filled with concentrated H2SO4, in order to dry 
the gss. The exit-tube from B is bent at right angles, and 
comiected, by means of a cork, with the reduction-tube ; this 
latter tube is made out of a piece of hard glass tube (com- 
hoation-tube) somewhat more than three eighths of an inch in 
diameter, and drawn out at one extremity to a long point ; the 
length of the body of the tube should be about four inches, that 
of the point at least two and a half inches. 
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261. A mixture of 3 parts of anhjdrous NajCOj and 1 part 
of KCj is dried in the water bath ; about 12 parts of this dlried 




mixture is mixed with 1 part of AsjSj, or the arsenite, which 
has been also dried in the water-bath ; the mixture, before it has 
time to get damp, is put upon a narrow slip of card-paper bent 
into the shape of a gutter ; it is then introduced into the tube, 
and the latter is turned half round upon its axis ; the mixture 
falls upon the glass, and the gutter is withdrawn. The mix- 
ture should be in the middle of the tube, and it ought not to 
occupy more than an inch. The reduction-tube must now be 
fixed, hj means of the cork, to the exit-tube of B, and a 
moderate stream of CO^ ought to be evolved, by pouring some 
HCl into A, by means of the funnel-tube. Heat the reduction- 
tube, in its whole length, very gently with a lamp, until the 
mixture is perfectly dry; when all the water is expelled, 
moderate the gas stream so that only one bubble shall paaa 
through the H2SO4 in B in a second ; the gas stream may be 
moderated by pouring water into A. When the gas stream is 
moderated, apply the flame of a lamp to the shoulder of the 
tube ; and when this part of the tube is red hot, apply the flame 
of a second lamp, commencing at the end of the reduction-tube 
nearest B, and heating along up to the mixture ; continue to 
apply the flame at the part where the mixture is, until all the 
As is expelled. The far greater portion of the volatilized As 
recondenses in the narrow part of the tube, whilst an extremely 
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miimte portion onlj eaewpem timKi^ tl&e ine pomt, impnting 
to the sniTOimdiDg air the peculiar odour of gariicL AdTance 
the flame of the aeeoDd lamp alovlr and gndoallT np to 
the firsty bj which means the whole ci the Am which maj 
hare condenaed in the wide part of the tnbe is driTOi into the 
sarrow part. When this end has been attained, doae the 
fine point of the tnbe bj fiwion, and applj heat^ proceeding 
from ihe dosed point towarda the part where the greater part 
of it IB condensed, by whidi means the extent of the mirror 
is narrowed, whilst its beantj and lostre are eorrespondinglj 
increaBedL In this manner, peifectlj distinct mirrors of As ma j 
be produced from as little aa the one-hondredth part of a grain 
of As^S,. No mirrors are obtained bj this prooeas from Sb^S^ 
nor from an j other compound of Sb. 

262. Marsh's test for Arsemie.—Tbe apparatus (fig. 2) is a 
eonrenient one, as the ASH3 can be both tested bj reagents, 
decomposed in the tube b j heating the tube, and the AsH, ma j 
also be burnt aa it escapes from the opening of the tube, and the 
As deposited in the tube and the AsjOj produced bj burning 
the gas can each be tested. A is a flask for the acid, the Zn, 
aod the solution to be tested. It is proTided with a funnel- 
tube for couTejing the liquids, b is a tube filled with frag- 
ments of fused calcic chloride for drying the gas. c.d. is a 
tube of hard-glass (free frvm lead) about one quarter of an inch 
in diameter, and haTiog, as shown in the figure, two or three 
capillary contractions, and bent at a right angle, so that it may 
form a jet, or that it may dip into a solution of AgNO^ 

The first thing to be ascertained is whether the Zn and 
dilate H2SO4 to be employed are free from As ; for this pur- 
pose they must first be introduced into A, without the 
solution to be tested, and after the erolution of the H has 
continued long enough to expel all the air, the tube is to be 
heated at a for about five or ten minutes, and the escaping gas 
conducted into a solution of AgNOj. If no deposit is pro- 
duced in the tube or a precipitate in the Ag solution, the Zn 
and H2SO4 are firee from As, and the solution to be examined 
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for Ab may be introduced into A,* and the evolved gaa then 
exDmined In tlie following manner : 



Ist. Hold a piece of filter-paper, moistened with a solution 
of AgNOy over the open end of c.d. ; if H^As ia present the 
paper will assume a purplith-black colour. Inflame the gas, 
if HgAs is present it wilt burn with a livid blue fiame, produc- 
ing a white smoke of As^Oj; condense the Ae^Og bj holding a 
wide, cold, teat-tube over the flame; dissolve the condensed 
matter in hot water, and test it for HgAsOj, especially ivith 
ammonio-uitrate of silver, and with H^i), after acidifying with 
HCl. 

2nd. Heat thetubeato by meaus of a lamp. Ah will be deposited 
a little beyond the flame as a steel-grey ring ; after a sufficient 
deposit baa been obtained at that point, remove the lamp to 
the neit division and obtain a second deposit ; if necessary, 
a third may be obtained in the third division. Let the escap- 
ing gas during the heating of the tube pass into a aolutioa 
of AgNOj ; when the operation is over the portion! of tho 
reduction-tube containing the deposits may be cut off witli 
a file and the deposits examined. The As deposit is solu- 
ble in a solution of chloride of soda (NaClO, and it is per- 
ceptibly dissolved if a drop of (HN^)3S be added to it. If the 
crust be dissolved in concentrated HNO3, and evaporated j ust 

■ If them ii mucb frothiDg when organic matter it preieot, a little 
alcubot muit Iw added Lo [irevent it. 
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to dryness upon a sand-bath, a little water added, and 
afterwards ammonio-nitrate of silver, a hrick-red precipUate 
of Ag^AsO^ will be obtained ; an antimony spot, when treated 
in this way, generally gives a slight dirty white precipitate 
with the Ag solution. The AgNO^ solution, through which 
the gas has been passed, ought to be examined for As as in the 
fifth method (par. 218). 

263. Another method for distinguishing which of the two 
metals, As or Sb, has produced the mirror, and also for dis- 
tmgtushing and detecting the two metals when they occur 
together, is the following : — ^Having obtained the mirror in the 
tube cd. in the manner already described (par. 262 — 2nd), 
a feeble stream of dry EL^S must be transmitted through 
the tube, the metallic mirrors being gently heated from their 
outward to th^ir inward border. If only As be present, 
the yellow sulphide AS3S3 will be formed. If Sb only be 
present, the orange or black Sb^S, will be produced ; but if 
both metals be present, the two sulphides will be formed; 
and the Ab^j^ being the more volatile of the two, will 
be the farther removed from the flame. A stream of dry HGl 
gas must be passed through the tube without the application 
of heat ; by this means the SbjS, will be converted into vola- 
tile SbClg, which will entirely disappear, whilst the As^S^, 
will remain unaltered, and may be distinguished from any 
sulphur which may have separated, by dissolving readily in 

264. In employing Marsh's test for the detection of As it 
is necessary, as has already been stated, to have the solution 
free from (3, HNO3, HCIO3, SO3, aqua regia, mercury salts, Ac. 
SO3 may be present if the organic matter has been carbonized 
^y H2SO4, and the presence of SOg may give rise to the pro- 
duction of H^S by the action of the nascent H upon it ; H2S 
inay also be formed if the H2SO4 is not sufiBiciently diluted to 
prevent its acting too violently upon the Zn. HjS must not 
he piesent, because it would form with the arsenic AsgS^, which 
is not converted by the H into ASH3. In conclusion, it may 
be remarked that the presence of organic matter sometimes 

8 
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completely prevents the detection of minute quantities of Am bv 
Marsh's method. 

265. If clean metallic copper is boiled in a solution con- 
taining AsjOjp acidified with HCl, the copper becomes coated 
with a steel grey Jilm of As ; if the quantity of AjBjOj is 
considerable! the reduced As will separate from the Cu, 
when the liquid is boiled for some time, in large black scales. 
As many other metallic oxides are reduced to their metallic 
state under the same circumstances, it is necessary to submit 
the crust to further examination. This test, which is called 
'* Eeinsch's test," is particularly useful for the detection of As 
in organic liquids or solids. " The suspected liquid is simply 
to be acidulated with about one sixth of its bulk of HCl, and 
boiled. The solid tissue must be cut up into very small pieces, 
and boiled for some time in a mixture of about one part of 
HCl with six of water, until the whole is disintegrated ; then 
strained through muslin, or filtered through a preyiouslj wetted 
filtering paper. 

266. " Into either of the above boiling liquids dip the end 
of a piece of clean polished copper wire ; examine the wire 
from time to time, and as soon as its surface acquires a grey 
metallic discoloration remove it, and add in its stead fragments 
of fine copper gauze, continuing the supply as long as the last 
added piece assumes any definite alteration in colour. 

267. ''Eemove the pieces of copper gauze, wash them in 
water, and dry them between folds of filtering paper; the 
deposit will not rub off unless the amount of As be very large. 
If the As exist in but very small quantity, the colour of the 
precipitated metal is bluish ; otherwise, of a dark iron-grey 
tint. Holding the piece of gauze in the fingers, warm it oyer 
a flame, coil it up into a small compass, and introduce it into a 
reduction-tube : now apply heat cautiously ; the As will vola- 
tilize, oxidize, and condense in the cold part, in the form of a 
white crystalline sublimate. Several pieces of coated gauze 
may be thus treated successively, until a sufficiently obvious 
sublimate of AS2O3 is procured ; by examination with a lens, 
or with the low power of a microscope, the crystals will be seen 
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to consist; of highly iridescent octo- and tetra-hedra." File off 
the piece of tube containing the sublimate, boil it for a minute 
or two in a little water ; test the water after the boiling for 
AsjOgj one portion with HCl and H.^S, and another portion 
with ammonio-nitrate of silver. 

268. As is not deposited on the Cu in the presence of 
oxidizing bodies, and the HCl in their presence dissolves the 
Cu. When present they must be got rid of by reduction or 
other means before introducing the copper foil or gauze. As a 
Bmall quantity of Cu is always dissolved, the foil or gauze 
employed should be at least so far free from As that a solution 
of four or five grains of it should not jrield a perceptible trace 
of it. The HCl to be employed should also be free from As ; its 
purity may be conveniently ascertained by diluting it with three 
or four times its own volume of water and boiling in it, for some 
time, a piece of the copper foil to be employed ; if pure, the Cu 
will not be stained. We may observe, in conclusion, that the 
arsenical film which peels off from the Cu is not pure As, but 
an arsenide of copper (CugAsg). On heating the copper foil in 
the tube only a portion of the Ajb, and relatively only a small 
portion, volatilizes, the rest of it remains behind united with 
the Cu. 

269. Detection of Ab in organic mixtwres. — Before examining 
for arsenic in articles of food and dead bodies it is necessary 
in the generality of cases to destroy the organic matter before 
attempting to search for the arsenic compound, as, from its 
consistence, &c., it impedes the application of the reagents or 
loasks their reactions ^ the destruction involves the use of 
chemical reagents, which as far as possible ought to be avoided, 
on account of the difficulty of obtaining many of them perfectly 
^ from arsenic; as by the dialytic method no chemical 
reagent of any kind is introduced into the organic mixture, it 
is desirable first to dialyse the suspected organic matter ; for 
this purpose the solid portion is cut into small pieces, the 
mixed solid and liquid portion is then placed in the dialyser* to 

* The dialyser ought to be aboat ten inches in diameter, and pezfectiy 
MQnd. See the Aofchov's * Seoond Step in Chenustr j/ p. €81. 
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the depth of not more than half an inch, the dialyser is then 
floated in a basin containing a volume of water about four times 
greater than the organic fluid. After twenty-four hours about 
three fourths of the As^Og (or other crystalloid poison) will be 
found in the water of the basin, which is generally colourless. 
To this liquid, after concentration on the water-bath, all the 
ordinary tests of arsenic may be applied. 

270. Destruction of the organic matter. — Sulphuric acid, 
hydrochloric acid and potassic chlorate, chlorine, aqua regia, 
nitric acid and potassic nitrate, sulphuric acid and sodic 
chloride, have been respectively proposed and recommended 
by different chemists for the destruction of the organic matter 
in the examination for arsenic in medico-legal cases ; we shall 
describe a few of these methods. 

1st. The organic matter, after it has been minutely diyided, is 
mixed with about a fifth of its weight of pwre concentrated 
H2SO4, and heated for some time, continually stirring with a 
glass rod ; the mass becomes brown and finally black, and white 
fumes of H2SO4 are evolved along with SOj ; the heat must be 
continued, but not so high as to volatilize any arsenic until 
the residue is reduced to a dry friable carbonaceous mass ; it is 
then pulverized, and afterwards treated with a small quantity 
of concentrated HNO, for oxidizing AsjSg, which may have 
been contained in the suspected matter, or which may hare 
been formed by the simultaneous reduction of H2SO4 and the 
AS2O3 during the carbonization ; the mixture is again evapo- 
rated to dryness to expel completely the HNO3 ; it is then 
boiled in water and filtered, and the filtrate examined for 
arsenic by Marsh's test. The employment of H2SO4 was pro- 
posed by MM. Flandin and Danger. The process is open to 
some objections; some NaCl will always be present in the 
organic matter, and under certain conditions AsCl^ will be 
formed by the reciprocal reaction of the H2SO4, the NaCl and 
the As2^8> ^^^ -^^^39 ^ formed, will volatilize, and consequently 
escape detection ;* it is also very difficult to obtain H2SO4 per- 
fectly free from arsenic. 

* To avoid this Iosb it has been proposed to conduct the operation in % 
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2iid. The employmetit of HGl and KCIO^ for the destruction 
of the organic matter pOBaesees many advantages ; it ia certun, 
and in the examination other metallic poiaona aa well as 
arsenic can be sought for and detected, and it allows of a 
4]UAatitatiTe determination of the poison ; the proceas is 
described in par. 733. 

3rd. M. Schneider has proposed to separate the arsenic from 
the organic natter with which it is mixed by conrerting it 
into the volatile AaClg ; for this purpose the organic mixture 
nnder examination is introduced into a retort (fig. 8) and a 
qoantitf of NaCl added, and then tivough the safety tube a 
little at a time some pure concentrated HjSO^ ; the mixture is 
then distilled, the receiver being kept cool ; the three-bulb tube 
connected with it contains distiUed water. It is necessary to 
keep the T4'aCI in the retort in excess, to prevent the forma- 
tion of SO^ when the liquid becomes concentrated in the 
retort. As AsClg is decomposed by HjO, it cannot be formed 
when there is much of that liquid present ; if the organic 



mixture contains much water it ought, therefore, to be con- 
retort, and collect any matter that diatiln over in water, bnt tbu modifi- 
caUoD renden the method leas aimple and convenient. 
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centrated bj distilling it hy the aid of the water-bath before 
adding the NaCl andH3S04. The distillate is diluted with 
water and treated with H2S, and the As^S, is reduced bj KCt 
(259), or it is converted into As^O^ by means of HNO3 ! ^^® 
excess of the latter being expelled, the As is detected by means 
of Marsh's method. 

271. Bloxam has proposed to employ the electric corrent 
for the conversion of As into H3A8. This, the electrolytic 
method of eliminating arsenic, possesses certain advantages 
over that of Marsh : — ^1. It avoids the use of Zn, and there- 
by obviates a frequent source of error arising from the presence 
of As in that metal. 2. It introduces no substances into the 
liquid that can interfere with its subsequent examination for 
other metals. If any other metals are present it precipitates 
them on the surface of the negative plate. When the AbH^ 
is obtained by means of Zn, Sb, if also present, is evolved 
together with the As, and the subsequent separation of these 
two metals is troublesome ; but with the electrolytic method 
only a very small quantity of Sb is evolved as SbH^ and even 
this quantity may be completely arrested by adding to the 
liquid a solution of HjS. Both Sb and As are then converted 
into sulphides, but the AB3S3 is converted by the electrolytic 
hydrogen as easily as AS2O3 into AsHj, whereas the Sb^S^ com- 
pletely resists the action of it, and consequently remains in 
the liquid. 

272. The apparatus consists of a two-ounce narrow-mouthed 
bottle, the bottom of which has been cut off and replaced by 
a piece of vegetable parchment, tightly stretched over it and 
secured by a Ji^ture of thin platinum wire (a ligature of 
organic matter is quickly destroyed). The bottle js furnished 
with a cork, in which is fitted air-tight a quill tube bent at 
right angles ; also a platinum wire, to which is attached a plate 
of the same metal, which forms the negative pole of the voltaic 
circuit ; it is also convenient to have fitted in the cork, ai- J 
though it is not shown in fig. 4, a funnel tube for intro- 
ducing the liquid to be tested. The bottle is placed within a 
glass of such a size as to leave a small interval between the 
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two, and this glus is allowed b> atmnd in a tchcj at cold 
water. About an ounce cf lUiite H,SO, it i^irodived iBo t :« 
&pparatiia, so as to fill the bottJe asd tbe osui- tvaan to ai>:.ut 



the same level, the pontire plate 1>eiiig immersed in the acid 
in the outer vessel. Tbe cnrrent of s voltaic battery (six 
Grove's cella of ordinary sice) is then passed through the 
urangement, and when the bottle has become filled irith 
hydrogen the t;abe is heated to redness daring fifteen minutes, 
to Mcertain the parity of the H^O^ ; the liquid to be tested is 
then introduced into the bottle by means of the fiumel tube, 
or by a pipette, the cork being removed for an instant ; a 
drachm of alcohol is also added to prerent frothing; the 
heating of the reduction tube is then continued for thirty 
niinat«s before the absence of arsenic is inferred. 

273. The following method has been recommended by 
Bloiam for the detection of poisonous metals by electrolysis, 
vii— The iuiiture, which may, of course, have been previously 
eiimioed for organic poisoua by the usual methods, is digested 
on a water-bath, vrith so much water, HCl and KClOj. as may 
he required to disintegrate the solid organic portions, and to 
fender the liquid capable of filtration ; the filtrate is evaporated 
on the wat«r-bath to a amall balk ; it is then treated with an 
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excess of HjS water, and introduced into the decompoBing cell 
along with some alcohol, to prevent frothing ; and the passage 
of the current is continued for about an hour. In the heated 
tube the Ab, if present, will be found, and on the negstiTe 
plate and in the liquid the other poisonous metals will have to 
be sought for. 1st. As regards the tube, the As, if H28 or SO2 
has been introduced into the decomposing cells, is deposited 
either in part or entirely as AsJ^ in the tube a little beyond 
the heated portion ; there is generaUj a deposit also of As, and 
if an excess of HjS has been employed a deposit of S, which is 
nearer the orifice than the deposit of AS2S3, and from which it 
may easily be distinguished by its much lighter colour, and by 
its insolubility in a warm solution of NH4HCO3, which readily 
dissolves As^S,. It is probable that the deposit of AB3S3 is 
occasioned by the AsHg and HjS reacting upon each other 
under the influence of heat. If HgS is added, and no As is 
present, a thin white film of S will generally be deposited in 
the tube. 2nd. If no H2S has been employed, the metals to 
be sought for on the negative plate are Sb, Hg, Cu, and Bi ; 
the plate having been washed, is boiled in somewhat dilate 
yellow (KR^2^ for a minute or two. This solution is then 
evaporated on a watch-glass placed in the water-bath, and the 
orange residue of SbjSg identified by the usual tests. The 
platinum plate having been again washed, is boiled in a few 
drops of concentrated HNO3, to which a drop of dilute HCl 
should be added to dissolve the HgS. The acid solution is 
boiled down to a small bulk and mixed with an excess of 
!NH4H0, by which the presence of Cu will be rendered evident, 
and the Bi203 will be precipitated, together with a little 
2NH4CI, PtCl4. To examine for Bi the precipitate is dissolved in 
HCl evaporated and largely diluted with HgO. The filtered 
ammoniacal liquid, acidulated with HCl, and boiled with clean 
copper, will prove the presence or absence of Hg. If ILS 
has been added, this plan will have to be modified, as the Sh^ 
and other sulphides which have been formed will be found 
suspended in the liquid of the decomposing cell, and not de- 
posited in the metalline state on the negative plate. 
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274. Mame reaeHons. — 1. Fkme'Coloraiion in upper re- 
ducing flame pale blue, giving the well-known araenical smell. 

2. Reduction-JUm black, dead or brilliant, thin film brown. 

3. Oxide^lm white ; touched with a perfectly neutral solu- 
tion of AgNO^ and then blown with ammoniacal air, it gives a 
canaiy-yellow precipitate, soluble in KQ4HO. Together with 
this yellow precipitate, a brick-red one of silver-arseniate occurs 
when the film has previously been treated with bromine vapour. 
SnClj, with and without soda, produces no change. 

4u Iodide-film is deep yellow, disappears on breathing, but 
Tetoms on drying ; disappears in ammoniacal air, and does not 
return ; reappears unaltered after the action of HCL 

5. Sutphide-film lemon-yellow, disappears easily on blow- 
ing with (JSH^^j and reappears on warming or blowing; 
insoluble in H3O, and does not disappear by breathing. 

6. Reduction on charcoal cplinter yields no metallic bead. 



BEHATIOUB OT ABBEKIC ACID AJSD THE AB8B9IATES 

WITH BEA&SirTS. 

275. AgNOg produces, in neutral solutions of the arseniates, 
& characteristic reddish-brown precipitate of Ag3As04, soluble 
in dilute HNO^ and in NH^HO ; AgNOg produces, therefore, 
no precipitate, or only a slight turbidity in solutions of 
H,AbO^ but on neutralizing the acid with NH4HO the preci- 
pitate appears ; ammonio-nitrate of silver is, therefore, a more 
Appropriate reagent than AgNOg if the acid be free. 

276. GuSO^ produces, in neutral solutions of the arseniates, 
ft greenish-blue precipitate of GuHAsO^, 

277. MgS04, in the presence of NH^Cl and of NH^HO, 
produces, in solutions of the arseniates, a white precipitate of 
MgNH^AsO^, soluble in acids. 

278. H3ABO4 produces, not only with m&gnesian salts, but 
ftlso with ferric salts and with ammonic molybdate, precipitates 
similar in appearance and in constitution to those produced by 
these reagents with H3PO4, but it is distinguished from this 
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latter acid by the colour of its silver salts, and by its conversion 
into AS0S3 on being treated with H^S. 

279. Nascent H, evolved by the action 9f Zn on dilate 
H2SO4 or HCl, converts H8ASO4, as it does A&fl^, into H^As, 
but the conversion is much slower, and in those reactions 
which depend upon the reduction to the metallic state 
H3ASO4 resembles AS2O3. 

280. Whether As exists as AsjOg or as HjAsO^ may be 
ascertained by testing a portion of the original solution with 
the copper test (257), and another portion of the original 
solution with the silver (275) or magnesian test (277). 

281. Au and its compounds. — ^Au is the only metal of a 
yellow colour. It unites with nearly all the metals, but its 
most important alloys are those which it forms with Ag and 
Cu. The standard gold for coin in England contains 8*33 per 
cent, of Cu. In France and the United States it contains 10 
per cent, of Cu. Jewellers firequently alloy their gold with 
Ag as well as Cu ; the Ag gives it a lighter colour. The solder 
used for gold trinkets is composed of 5 parts of Au and I part 
of Cu, or of 4 parts of Au, I part of Cu, and I part of Ag. 
Gold is always found in the metallic state generally more or 
less alloyed with Ag. 

282. Ferrous salts precipitate Au from its solutions as 
a hluM-black precipitate, which acquires a metallic lustre 
when rubbed. 

283. A solution of SnCl, and some SnCl4 produces, even in 
very dilute solutions of Au, a purple precipitate (purple of 
Cassius), the tint of which varies according to the quantity of 
Au present. The precipitate is insoluble in dilute acids ; the 
Au solution should be first mixed with the SnCl4, and the 
SnClj then added drop by drop. When the quantity of Au is 
extremely minute, a pink tinge pervades the solution. 

284. A very delicate method of applying this test is as fol- 
lows : — FeoClf is added to SnClj until a permanent yellow 
colour is produced ; the solution is then considerably diluted ; 
the Au solution, having likewise been much diluted, is poured 
into a beaker, which ia placed on a sheet of white paper; a 
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glass rod is dipped into the Fe solution, and afterwards into 
the Au solution, when, if even a trace of Au be present, a blue 
or purple streak will be observed in the track of the glass rod. 
This test has the advantage of being applicable even in very 
acid solutions. 

285. One other oxide of gold is known, viz. the aureus oxide, 
Au^O. It is a green powder, and is obtained by decomposing 
AuClg with a cold solution of KHO. 

286. Ft and its compounds. — Pt in compact masses is white, 
but in a finely divided state, obtained by precipitation, it is as 
black as soot, and is termed platinum black. It is obtained as a 
grey, porous, slightly coherent mass, called spongy platinum, by 
igniting the double chloride of 2NH4CI, PtCl4. Pt possesses 
the valuable property of uniting when two masses of it are 
pressed or hammered together at a high temperature. This 
operation of uniting masses of metal into one is termed 
"welding." Wollaston, who first devised a process of working 
Pt, made use of this property. He purified the Pt from 
other metals by boiling it in HNO3. ^^ ^^^^ dissolved it in 
aqua regia, and converted it into 2Nn4Cl,PtCl4. From this 
salt he obtained " spongy platinum." This was heated, com- 
pressed, and hammered until it became homogeneous and 
ductile, and had a sp. gr. of about 21*5. Deville and Debray 
have lately proposed a new plan. They dissolve out the Pt 
from its ore by liquid Pb, which does not dissolve the impuri- 
ties. The Pb is subsequently separated from the Pt by 
cupellation, and the Pt is finally melted in a crucible of lime 
by means of the oxyhydrogen blowpipe. " The most important 
applications of Pt are confined to the laboratory of the manu- 
facturing and experimental chemist; they depend upon its 
great infusibility and its power of resisting chemical reagents. 
Pt always occurs in the metallic state, usually in small flat- 
tened grains, in which it is mixed with palladium, rhodium, 
osmium, ruthenium, and iridium — metals which are rarely 
found except when associated with Pt." 

287. KCl or NH^Cl produces, in solutions of Pt, a yellow 
cryatalline precipitate of 2KC1, PtCl4, or 2NH4CI, Pt'Cl4. The 
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presence of HGl promotes the formation of this precipitate. 
Dilute solutions should be evaporated along with the KCl or 
NH4CI and the HCl on the water-bath to diyness, and the 
residue digested in weak spirits of wine until the excess of the 
alkaline chloride employed is dissolved. 

288. Solutions of platinic salts produce, in solutions of SnCI^, 
which contain much HCl, a dark hroumish-red colour; in exceed- 
ingly dilute solutions the colour is yellow, and becomes darker 
on standing. This test is a very delicate one for Ft. The 
dark brown colour is owing to the reduction of the platinic to 
a platinous salt. 

289. Platinum forms with oxygen another oxide, viz. plati- 
nous oxide (PtO). 

290. Answers to the following exercises must be written out. 

SXSSCISES. 

92. Grive the results of the action of Fe"S04 ^^^ ^^ -^^ ^^ 
AUCI3. 

93. Give the theory of the method of Marsh for the detec- 
tion of As. 

94. How would you distinguish the product of the action of 
HgO on SbClg from the similar one produced on BiCl, by HjO ? 

95. Describe by equations the reactions which take place 
when HjS is passed into a solution of arsenious acid, through 
one of arsenic acid, and through one of tartar emetic. 

96. Describe by equations the reactions which take place 
when a stannous salt is added to a mixture of E^EcgCy^ and 
"Fe^Cl^ and to a solution of HgCl^. 

97. For what purposes is Pt employed in the metallic state, 
and how is it obtained in mass ? 

98. Describe the method proposed by Schneider for separat- 
ing As from organic matters. 

99. For what purposes is Sb employed in the arts in the 
metallic state P 

100. Describe by an equation the reaction which takes 
place when a mixture of AS2O3, KHO, and acetic acid is 
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e?aporated to dryness, and the residue heated, and what is the 
name of the arsenic compound which is produced. 

101. Describe the dialjtic method of separating crystalloid 
poisons firom the contents of the stomach. 

102. I have got some copper nickel, NiAs, containing some 
CoAsj, and I wish to prepare some pure nickel : how shall I 
proceed? 

103. Give an account of the method of employing electro- 
lysis for the separation of As and Sb from liquids containing 
organic matter. 

104. Give the composition of tartar emetic, a method for 
preparing it, its properties, and the action of chemical reagents 
upon it. 

105. How would you convert arsenious acid into arsenic 
acid, and reconvert the latter acid into the former one ; and 
how would you distinguish solutions of these acids from each 
other? 

106. Describe the changes which take place when AsjSg is 
digested with H^SOa and KHSOs. 

107. Describe by an equation the changes #hich take place 
when Hj^s and HjjSb are passed through a solution of AgNOg. 

108. What is the action of reagents upon argentic and 
capric arsenite, and how would you detect the metals including 
As in these compounds ? 

109. Describe by an equation the changes which take place 
vben a solution of an arsenious compound, KHO, and frag- 
ments of Zoo, are boiled together. 

110. How do you account for the presence of As in HCl ? 

111. How are gun-barrels bronzed P 

112. How would you detect and how remove the oxides of 
nitrogen and AsjO^j, so often present as impurities in sulphuric 
add? 

113. To what acid is the term aqua regia applied? and 
describe its chemical properties. 
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SIXTH GEOUP. 

Argentic Oxide (AgjO), Mebcubous Oxide (Hg^O), Mer- 
CURIO Oxide (HgO), Bismuthoub Oxide (Bi^Os), 
Plumbic Oxide (PbO), Cupric Oxide (CuO), Cadmic 
Oxide (CdO). 

Ibr the reactions.— Agl^O^y HgNOg, HgClj, Pb(N03)2, 
CUSO4, CdClj or CdSO^— dissolved in HgO ; BiClj dissolved 
in dilute HCl. 

291. The insolubility of AgCl, HgCl, the slight solubility of 
PbCL^, and the ready solubility of the other chlorides, enables 
one to diyide this group into two sections. 

First section. — The oxides which form with HCl insoluble 
chlorides are the members of this section. They are AgjO, 
HggO, and PbO. 

Second section. — The oxides which do not form with HCl in- 
soluble chlorides are the members of this section. They are 
HgO, BigOj,, CuO, CdO, and PbO, as the slight solubility of 
PbCl^ in water renders it impossible to confine this member 
exclusively to the first section — a portion of the PbClg, varying 
according to the amount of liquid present, always remaining 
dissolved ; the Pb it contains is precipitated along with the 
members of the second section on the addition of HjS. If 
attention be paid to the following facts, they will frequently 
remove a source of much confusion : — 1. If Pb has been dis- 
covered in the first section, a precipitate must always be 
obtained on passing H^S through the filtrate, even if no other 
member of the group be present. 2. If only a small quantity 
of Pb be present, HCl may cause no precipitate, as a sufficient 
quantity of water may be present to dissolve the chloride 
formed. In this case all the Pb will be found in testing for 
the members of the second section. 

292. Examination for the members of the first section, — 
When a solution is examined for the members of this group 
only, the general reagent for this section must be added, as 
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directed at par. 355 ; and when a precipitate is produced, it 
mast be washed as there directed, and then examined accord- 
ing to the method desciibed in next par. 

293. Add boiling water to the precipitate ; PbClj will be dis- 
Bolved, if present, which is ascertained by H^SO^ producing 
in the filtrate a precipitate of PbS04. If a residue remain 
after removing the PbClj by adding successively to the mixed 
chlorides fresh quantities of boiling water, until the last 
washings give on the addition of H2SO4 no further precipitate, 
it proves that either AgCl or HgCl, or both, must be present. 
NH4HO being added to the residue, dissolves the AgCl, 
whilst it converts HgCl into the black mercurous ammonic 
compound. To detect the AgCl in the ammonic solution, 
HlNOg must be added in excess, which, by neutralizing the 
solvent, causes the AgCl, if present, to be re-precipitated. 

291. Examination for the members of the second section, — 
When a solution is examined for the members of this group 
only, the general reagent must be added as directed at pars. 
357 and 358, and when a precipitate is produced it must be 
washed until the last washings contain no trace of CI;* it 
must then be examined according to the next par. 

295. The washed precipitate must be boiled in dilute HNO3. 
If it all dissolves, with the exception of a light yellow mass of 
sulphur, HgO is absent ; but if, after boiling for some time, 
the undissolved mass presents a black appearance, it points 
out the probable presence of that member. Examine the 
black mass for HgO, as directed in par. 296. To the acid 
solution, after it has been filtered from the yellow or black 
mass, and subsequently evaporated nearly to drjmess, so as to 
remove the greater part of the free acid, must be added a little 
water, and then a few drops of dilute HgSO^, which will pre- 
cipitate the Pb as PbS04 after the lapse of a longer or shorter 
time ; the solution must therefore be allowed to stand some 

* The remoyal of the CI is ascertained hy the wash-water g^iving no 
precipitate on the addition of a few drops of a solution of AgNOg; the 
wash-water to be tested must not be collected with the previous washings, 
but by itself, and in a clean test-tube. 
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time before NH4HO is added. NH4HO being added in 
excess to the filtrate, throws down the Bi (confirm its presence 
according to par. 324). The filtrate from the ammonic pre- 
cipitate, or the solution with which that reagent has &iled to 
give a precipitate, is divided into two parts, which we shall call 
A and B. 

A. The A portion is acidulated with acetic acid and tested for 
Cu,if the presence of that metal has not been already manifested 
by the blue colour of the ammonic solution, by adding tx) it 
K^PeCye J if Cu w present, a brownish-red coloured precipitate 
will be produced ; if Cu is absent, the colour of the solution will 
not be altered by the reagent (346). 

B. The B portion, when Gu is absent, is examined for Cd in 
the following manner: — (NH4)2S is added to the ammonic 
fluid, and if it produces a yellow precipitate Cd is present. 

When Cu is present, the B portion is examined for Cd in 
the following manner : — Add a small quantity of dilute H0SO4 
to the solution and evaporate it to dryness and ignite, continu- 
ing the ignition until the ammonic salt is expelled ; then add 
a concentrated solution of NH4KCO3, and boil for a short 
time ; if no precipitate is produced, Cd is absent. If a pre» 
cipitate is produced, wash it with the NH4HCO3 solution 
until all the Cu is removed ; then dissolve the residue in a 
little dilute HCl, and afterwards add NH^KO in excess, 
and finally one drop of (^114)28 ; i£tL yellowish precipitate* is 
produced on the addition of the (NH4)2S, Cd is present.f 

If Pb has not been discovered in either section, the black or 
light-coloured precipitate insoluble in HNO3 ought to be 

* The reason for recommending the addition of only one drop of 
(NH4)3S is this — a small quantity of Cu frequently remains undissolved by 
the NH4HCO3; in such case, if only a drop of (NH4)3S be added, the Cd, 
if present, will be first precipitated; whereas, if more (N 114)38 were added, 
the Cu would also be precipitated, and consequently obscure the Cd. 
When the colour of the precipitate produced by (NH4)2S is black or of a 
doubtful colour, it must, after being washed, be dissolved in HXO3, the 
solution must be evaporated to dryness, and the residue treated as before 
with the concentrated solution of KH4HCO3, &c. 

t For other methods for the separation of Cd and Cu see par. 352. 
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digested in NH^A and filtered, to the filtrate add HA in 
excess, and then a solution of E3Cr04 ; if Pb is present^ a yellow 
precipitate, PbCrO^, will be formed. 

296. If a black residue remain afber boiling the mixed sul- 
phides in HNOji, it must be collected upon a filter, to separate 
it from the other members, and specially examined for HgO by 
one of the two following methods : — 1st. After haying dried the 
black mass thoroughly in a water bath, mix it with dry NajGO^, 
and proceed with the examination for Hg in the way described 
in par. 319. 2nd. Dissolve the black mass in as small a 
guantUy of aqua bbgia aspanibloy or dissolve it by heating it 
with HCl and a few crystals of KClOs, then add NH4HO in 
slight excess, and then a slight excess of HCl; examine the 
solution, thus prepared, for Hg by means of copper wire, in the 
way described at par. 314 or 315. 

297. The following precautions must he attended to in ana» 
losing this group : — The means, both for separating and de« 
tecting the members of the first section, are so simple and 
positive, that no difficulty will be experienced by the student. 
It may, nevertheless, be as well to observe, that PbCJ2 ought 
to be completely removed before NH4HO is added, for if it 
is not, a white residue, which is nothing more than PbClj, 
may remain after the addition of NH4HO, when Hg is 
absent, which may perplex the student. And if the PbCJj be 
not completely removed before the addition of NH4HO, the 
amnionic solution will appear turbid, owing to the separation 
of an insoluble basic salt of lead : this will not, however, in- 
terfere with the test for Ag, since it (the basic salt of lead) 
redissolves upon the addition of HNO3. The difficulties which 
occur in examining the second section will be easily overcome 
by a little attention. Many erroACous conclusions will be 
formed if the simple yet necessary precaution of washing the 
HjS precipitate be neglected, because a small quantity of the 
HCl employed to precipitate the first section, being left behind, 
will form with the HNOg aqua regia, which, by dissolving the 
HgS, may cause that member to be overlooked ; and should the 
mercury thus pass into solution, a compound of that metal will 
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be precipitated on the addition of NH4HO, which may be 
mistaken for Bi. The precipitate must, therefore, before it is 
treated with HNO3, be washed with water until the wash- 
water, acidulated with HNO3, gives no precipitate with AgNO^ 
It is difficult to free the mass of sulphur, which separates on 
the addition of HNO3, entirely from some of the undecom- 
posed sulphides, which, by communicating to it a black 
appearance, might l^d to the belief that HgO was present, 
even in the absence of that member. An experienced eye can 
generally distinguish between this mixture of undecomposed 
sulphide and sulphur, and HgS, the former being ligbt and 
flocculent, whilst the latter is dense and heavy ; but a safe 
and legitimate conclusion can only be arrived at by examining 
it specially for Hg. A varying amount of H2SO4 is always 
formed by dissolving the sulphides in HNO3 : a portion of the 
Pb will therefore be precipitated as sulphate, and remain behind 
mixed with the substance insoluble in HNO3; it is neces- 
sary, on this account, to examine the insoluble mass for this 
member, if it should not be met with in its proper place. As 
PbS04 precipitates from dilute solutions, and especially from 
those which contain much free acid, only after the lapse of 
some considerable time, the solution ought, after the addition 
of H2SO4, to be allowed to stand for a considerable time (an 
hour) before adding the NH4HO. A precipitate will be 
formed on the addition of NH4HO to the solution in HNO3, 
if either of these reagents contains a trace of Ee, but this pre- 
cipitate cannot be mistaken for Bi if the confirmatory test be 
applied. 

FBOPEBTIES OF THE IfETALS, THE OXIDES, THE SULPHIDES, 
THE CHLOBIDES, THE KITBATSB, THE SULPHATES OP THIS 
OBOUP. 

298. The metals, — None of the metals of this group, when 
perfectly pure, oxidize in dry air or oxygen at ordinary tempe- 
ratures ; in moUt air or oxygen Pb, Bi, Cu, and Cd* undergo a 

* Pbj Bi, and Cd oxidize if exposed to the combined action of air and 
water. 
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Blight superficial oxidation ; these four metals oxidize rapidly 
on exposure to air or ozjgen at a red heat, PbO,» Bi^Oj^, CuO 
and CdO being formed. Ag does not oxidize in air or O at 
anj temperature; Hg oxidizes at 371^ C, HgO being formed ; 
at 427^ G. the oxide is decomposed into its elements. Ag, 
Hg, Pb do not decompose H^O, even at a very elevated tempo-* 
rature ; Bi and Cu decompose it slightly at elevated tempera- 
tures, and Cd decomposes it at a red heat. Cd is the only 
metal in this group which can displace the hydrogen in H2SO4; 
the action takes place even when the acid is dilute, CdS04 
and H3 being formed ; the dilute acid, and even the undiluted 
add in the cold, has no action on the other metals, t but if 
they are boiled in the undiluted acid they become oxidized, 
sulphates of the metals, H^O and SO3, being formed4 HCl 
imoluHon has no action on Hg, and it only acts on Ag, Fb, 
Bi, and Cu when they are boiled in it, and even then very 
slowly § ; it acts readily on Cd, OdCl^ and Hi, heing formed. 
HCl in the gaseous state acts on Ag and Cu, when they are 
heated to redness in it,' a chloride of the metal and H^ being 
formed HNO3 oxidizes and dissolves all the metals of this 
group, a nitrate of the metal being formed, and generally NO 
(nitric oxide) is the other nitrogen compound produced ; but 
the degree of reducing action which these and other metals 
exercise on HNO3 varies with the ttrength of the acid and the 
temperatwre ; for example, when Ag is acted upon by dilute 
HNO3 ^ excess at ordinary temperatures, AgNO, and HNO^ 
(nitrous acid) and the anhydride are formed, but at higher 
temperatures the oxide of nitrogen formed is NO. When Cu 
And Hg are acted upon by HNO3 of moderate concentration, 

* At a low red heat red lead (2PbO, PbO,) U formed. 

t If oopper-foil be moistened with dUlMte H3SO4 and then expoied to the 
iff, C11SO4 will be formed. 

X A portion of £[^04, in its action on Cn, suffers more complete deoom^ 
poation, for sulphnr is deposited. 

S HCl with excess of air dissolves Ca at ordinary temperatures ; the 
weaker acids, snch as the acetic, have no effect npon Cu unless assisted by 
tbe oxygen of the air; the copper under such circumstances rapidly 
combmes with O, and a salt of the add is formed* 
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NO is disengaged, but with a stronger acid N3O4 (nitric 
peroxide) is evolved, and if the action takes place at a higher 
temperature N is generallj one of the gaseous substances 
set free. 

299. The oxides.— VhO, Bi208, CuO, and CdO, may be 
formed either by exposing the metals to a red heat, in air or 
oxygen, or bj igniting their hydrates, carbonates, or nitrate. 
HgO may be formed either by heating H[g(N03)2 or by heat- 
ing Hg in air at a temperature of 871° G. Ag^O and Hg^O may 
be obtained by adding to a solution of any of their soluble salts 
a solution of KHO or NaHO, and drying the precipitate with 
care. Ag^O, Hg^O, and PbO are perceptibly soluble in H^O, 
the other oxides are not. Ag^O, ng20, and HgO are decom- 
posed by heat alone, the other oxides are not, they are, 
however, reduced to the metallic state on being heated in a 
current of H, or by being ignited in contact with C, and PbO 
and BigOg are reduced on being heated in an atmosphere of 
CO. The metals are obtained on fusing their oxides with KCy, 
potassic cyanate being formed. On being heated with an excess 
of S these oxides are converted into sulphides, SOj being 
evolved. Dry CI converts them into chlorides, the conversion 
in the case of AgjO, Hg^O, and HgO takes place without the 
aid of heat ; PbO, suspended in H^O, is converted by CI into 
Pb02 and PbClg, a similar reaction takes place with Br. Some 
of the other oxides are converted by CI in the presence of a 
solution of KHO into higher oxides. They all form hydrates 
with the exception of Hg20. The hydrate of argentic oxide, 
when dried at a temperature above 60° C, is decomposed into 
AgjO and HjO. The hydrates are formed by adding to the 
solution of these salts one of the alkalies in excess. The beha- 
viour of these oxides with the volatile and fixed alkalies is g;iven 
in Table YI. AgjO, HggO, and CuO are black ; HgO is black 
when hot, light red when cold ; Bifi^ is yellow, PbO is also 
yellow or reddish yellow ; CdO is brown or yellowish brown ; 
AgHO is brown, HgHjOj is yellow, CuHjO^ is light blue, and 
PbH202, CdH202, and BijHeOg are white. 

800. The sulphides, — The sulphides of this group are insola- 
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ble in water, and dilute acids in the cold. AggS, FbS, Bi^S,, 
CdS are also insoluble in the alkalies, alkaline sulphides, and 
KCj ; HgjjS and HgS are insoluble in solutions of the alkalies, 
anunonic sulphide, and £Cj, but these sulphides dissolve in 
K^S or Na^S in the presence of NaHO or KHO, the solution in 
the case of HgjS being attended with a separation of Hg. CuS 
is insoluble in the caustic alkalies, and in the fixed alkaline sul- 
phides it dissolves only to a very trifling extent, but it is a little 
more soluble in ammonic sulphide ; it is soluble in a solution of 
KCj. They are all decomposed and dissolved with separation of 
sulphur in boiling HNO^, with the exception of Hg2S and HgS ; 
these latter, and also the other sulphides, are decomposed and 
dissolved by aqua regia. Out of contact with the air Hg^S is de- 
composed at a gentle heat into Hg and HgS, which sublimes 
without fusing or decomposing ; Bi^S, volatilizes at a red heat ; 
PbS fuses at a red heat and volatilizes at a stronger heat vnthout 
decomposing ; CuS loses one half its S on being heated, and 
becomes convertedin CugS, which is not decomposedby heat alone. 
K heated in a current of air or they are decomposed, Hg and 
Ag being left in the metallic state, the other metals are left as 
oxides ; CuS in the moist state oxidizes on exposure to the air 
at ordinary temperatures. HgS, AgjS, PbS, BijSg are reduced 
to the metallic state on being heated strongly in a current of 
H ; CujS is not reduced. Some of these sulphides, and probably 
ftU, undergo partial decomposition on being heated in a current 
of steam. On fusion with many metals, as Fe, Zn, Gu, Pb, Sn, 
Sb, Ac., HgS and Ag^S are decomposed, the added metal taking 
the S ; PbS is deprived of its S by Fe, Zn, Cu, Sn, <fcc. ; Cu^S 
is not completely decomposed on fusing it vdth Fe, Sn, or Sb 
If Cu^* or Ag^ is roasted with KaCl, CuCi or AgCl and 
^83804 are formed. If a solution of CuClj and NaCl is 
added to Ag^S, AgCl and CuS are formed. PbO and CuO, 
mixed with their sulphides in equivalent proportions and heated, 
yield the metals and SO2 ; and a mixture of their sulphates 

* VeSj on being roosted with KaCl becomes converted into Fe»C)«p 
Hb^4 being temed. 
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and sulphides in equivalent proporfcions, on being heated, like- 
wise yields the metal and SOj, thus : 

PbS + PbS04 = 2Pb + 2SO2 

The colours of the sulphides, when obtained by precipitaiionj are 
given in the table, with the exception of those of HgjS and Ag^S, 
which are black. They can be obtained in the dry way by heat- 
ing together the metal and S with the exception of Hg^S and 
GuS ; their colour when so obtained, is the same as that of the 
native sulphides; the artificial or native AgjS is blackish 
ffrey, PbS and BijSj are lead grey^ the colour of CdS is the 
same as that of the precipitated sulphide ; HgS exists both 
amorphous and crystalline, the crystalline sulphide in mass is 
of a cochineal colour and is called dnnahar^ its powder is 
scarlet and is called vermilion; the amorphous sulphide is 
black, it is converted into the red both by sublimation and by 
the action of aqueous alkaline persulphides ; the red is con- 
verted into the black by heating it moderately out of contact 
of the air. 

301. The ehlorides.'-CTiCl^, CdClg, and BiClg may be ob- 
tained by dissolving their oxides or carbonates in HCl ; HgCl 
(calomel), AgCl, and PbC]2 are best formed by adding to any 
of their soluble salts in solution HCl or an alkaline chloride in 
solution ; HgClg (corrosive sublimate) may be formed by dissolv- 
ing HgO in boiling dilute HCl. In the dry way HgCl is formed 
by triturating equivalent proportions of Hg and HgCl2 until 
the metallic globules disappear, and then subliming the mixture. 
HgCl2 is formed by mixing intimately 2^ parts of HgS04 ^^^ 
1 part of NaCl, and then subliming the mixture, and BiCl^ 
may be formed by heating Bi in CI, or by mixing Bi In fine 
powder with twice its weight of HgCI^, and then distilling. 
HgCl and AgCl are insoluble, but the latter is soluble in 
strong solutions of NaCl. PbCl^ is difficultly soluble, the 
other chlorides are soluble in water ; BiCl^ is decomposed by 
HgO, BiOCl being formed, which is insoluble in HjO, but 
soluble in diluted HCl. The chlorides of this group are not 
decomposed by heat alone ; on being heated HgCl volatilizes 
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below a red heat and without first melting ; HgClj, BiCIg, and 
CdCL, fuse before volatilizing ; the first of these boils at 295°, 
the other two yolatilize at a moderate heat ; AgCl volatilizes 
partially at a red heat ; PbCl2 not in contact with the air yola- 
tilizes at high temperatures, but in contact with air a portion 
TolatOizes with excess of CI, whilst a residue of PbO, FbC]2 
remaina ; CuClj at a red heat loses half its Ci, CuCl remaining. 
Thej are all decomposed on being heated in a brisk current of 
hydrogen. Thej are all, with the exception of the mercurj 
chlorides, decomposed when heated in a current of steam, the 
metal being left in the state of oxide, excepting in the case of 
bismuth and sUyer, the former of these being left as an oxj- 
chloride, the latter in the metallic state. With the exception 
of AgCl, HgCl, and HgClj, they are all converted into oxides 
on being heated in a current of or of atmospheric air. 

302. The nitrates. — The oxides and their hydrates are readQy 
soluble in HNO3, most of them form basic as well as neutral 
nitrates; the neutral nitrates are all soluble in water ; Pb(N03)2 
and Bi(N03)3 are, however, only sparingly soluble in HgO ; 
HgNOg, Hg(N03)2, Bi(N03)3 are decomposed by H^O, an in- 
soluble, or sparingly soluble, salt being one of the substances 
formed. Preshly precipitated Ag^O decomposes Gu(N03)2 by 
boiling the oxide in a solution of that salt, CuO being preci* 
pitated, and AgN03 (lunar caustic) being formed. 

303. The sulphates,— B\^0^, CuO, CdO and their hydrates 
dissolve readily in diluted H«2S04. HgS04 ^* decomposed by 
H2O into a sparingly soluble basic salt. FbS04 ^^ insoluble 
in water, the sulphates of the other metals are soluble; 
Hg2S04 is decomposed by H2O, especially if hot, into a soluble 
add and insoluble basic salt; under certain circumstances 
Bi2(S04)3 is decomposed by H2O into an insoluble salt. PbS04 
is not decomposed by heat alone, the other sulphates are ; but 
Ag2S04 is very difficultly reduced by heat, it is not decom- 
posed by a red heat, bearing a much higher temperature than 
CUSO4, FeS04, and ^028804. 

804. The general characters of the salts of this group, — The 
salts of Pb, Cd, and Bi are colourless if the add be colourless ; 
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the soluble silver salts are colourless, so are many of the mer- 
cury salts, but some of the basic mercuric salts are yellow ; 
many of the silver salts acquire a violet tint, and nltimately 
turn black on exposure to light ; the cupric salts in the anhy- 
drous state are white, but in the hydrous state they are bine or 
greenish blue, which eolour their solutions exhibit even when 
much diluted. The soluble neutral silver salts are neutral^ but 
the soluble neutral salts of the other metals of the group are acid, 
to test-paper. The mercurous and mercuric salts volatilize when 
heated either with or without decomposition ; the soluble neu- 
tral salts of Ag, Bi, Cd, and Cu are decomposed at a red heat ; the 
plumbic salts sustain a red heat without alteration, unless the 
acid is very volatile or decomposable. The basic salts of Pb are 
alkaline to test-paper. Nearly all the silver salts are anhydrous. 
Ag and Hg are precipitated from the solutions of their soluble 
salts by many reducing agents, as SO2, FeS04, and by 
the following metals : — Fe, Zn, As, Sb, Sn, Bi, Cu, Cd, Pb ; and 
Hg also precipitates Ag. Fe, Zn, and other metals separate 
Ag from AgCl in the presence of HjO. Hg, on being sepa- 
rated, frequently forms an amalgam with the metal ; Bi is pre* 
cipitated from its solutions by Zn, Fe, Sn, Cd, Pb, and Cu ; 
Pb is thrown down by Zn, Cd, Sn, and slowly by Fe ; Cu is 
precipitated by Zn, Fe, Cd, Sn, Pb ; and Cd is precipitated from 
its solutions by Zn. BaCOg or CaCOg precipitates CuO, 
HgjO, HgO, Bi203, as hydrates from solutions of their salts 
by digesting them in the solution. 

BEICABKS ON THE nTDITIDUAL MEMBEBS OF THIS OBOT7P, WITH 

ADDITIONAL SPECIAL TESTS. 

805. Ag and its compounds. — Ag is the whitest of all metals ; 
in the finely divided state, as obtained by the precipitation of 
metals, it is a dull dark grey powder. It is harder than An, 
and softer than Cu. It melts at a white heat. Its conduc- 
tivity for electricity and heat is greater than that of any other 
metal ; its conductivity decreases with the temperature. It 
combines with CI, Br, I, at ordinary temperatures, and readily 
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with S, P, and As. It undergoes no change when heated in 
contact with melted alkalifie nitrates or with the hydrates of 
the alkalies ; crucibles of silver are, therefore, verj useful when 
these substances have to be fused, as Pt is acted upon by them 
in their fused state. The affinity of AgjO for acids is 
greater than that of CaO and ZnO. Ag^O is insoluble in 
the fixed alkalies, but readily soluble in NH4H0, with 
which it combines, giving rise to a dangerous compound 
(fulminating silver), the composition of which has not been 
ascertained with certainty ; by some it is supposed to be a 
compound of AgjO and NH^, bj others an amide or nitride of 
silver. AgCl, when strongly heated, melts, and on cooling has 
the appearance of horn, from which circumstance it, has been 
named horn mlver. If recently precipitated and still moist 
AgCl is boiled with excess ofKHO, it is converted into Ag20. 
By the action of light argentic salts turn black, and are readily 
decomposed, Ag being separated ; if any oiddizable matter is 
present, and even when no organic matter is present, many of 
them acquire a violet tint, and ultimately turn black. Silver 
forms the best surface for reflectors by reason of its^superior 
power for reflecting light. Pure silver is unfitted for the 
manufacture of coins or other articles intended for useful pur- 
poses, owing to its softness ; it is, therefore, alloyed with a 
small quantity of Cu, which increases its hardness without 
affecting its colour much; the proportion of Cu in the 
'standard' silver employed for coinage varies in different 
countries ; in England it amounts to 7*5 per cent., and in 
France to 10 per cent. Silver solder is an alloy of Ag, Cu, 
and Zn, containing about 66 per cent, of Ag. 

306. The principal minerals of this metal are the svlphlds 
{tUver glance^ ^62^)9 the ohlobide (horn silver, AgCl), SUL- 
FHiDE or SILVER andABSEiTio (SAgjS + AsgS,), and sulphide 
or BiLVSB and aktihokt (dAg^S + Sb^^ ; silyxb is also 
met with in the metallic state. It is likewise found in small 
quaatities in most lead and copper ores. 

807. When silver compounds, mixed with carbonate qfeoda, 
are subjected on charcoal to the inner blowpipe flame, brilliant 
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metallic globules are produced, which are not attended with 
any incrustation. 

808. " If silver occurs onlj in traces in slags or complex 
ores, it can onlj be detected by the well-known method of 
cupellation. If, however, the silver compound is not mixed 
with a very large amount of foreign matter, it can be detected 
in very minute quantities by reduction with soda on the char* 
coal splinter. The white ductile beads dissolve easily on 
warming in dilute HNO3, and yield AgCl with HCl, which 
can then readily be recogpised by its behaviour with HNOj 
and NH^HO. Less than one tenth of a milligramme of 
silver can thus be easily detected with certainty." — Bunsen. 

Charaqferisfie reactions. — That with HGl and the solubility 
of the AgCl in NH4HO. 

309. Ag forms at least one other oxide, the neutral peroxidei 
AggOg, which is formed by decomposing by the voltaic current 
a weak solution of AgN03 ; there is also some reason to be* 
lieve in the existence of a suboxide, Ag40. Both these oxides, 
if the latter exists, are decomposed by acids, argentic salts 
being formed. 

310. Kg and its compounds. — Hg is the only metal that ifl 
fluid at common temperatures. It freezes at — 39^, and boils 
at 350° C. It enters into combination with CI and Br at 
ordinary temperatures. It combines with I and S in the cold, 
if triturated with them. HI and H^S are slowly decomposed 
by it, H being evolved. It combines with most of the metals 
at ordinary temperatures, forming alloys which are termed 
amalgams. Hg20 is so unstable that it is decomposed even 
when dry on exposure to difliise daylight into HgO and Hg. 
HgO is obtained in the form of red scales by the ignition of 
Hg(N03)2, and in the form of a bright yellow powder by adding 
KHO to solutions of mercuric salts. When the sodes are 
heated they become nearly black, but on cooling the red colour 
returns. HgO forms a soluble compound with BaO. HgC204 
combines with the yellow oxide in the cold, but does not act 
on the red oxide ; an alcoholic solution of HgClg converts the 
yellow oxide into the black oxychloride, but it does not act on 
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the red oxide. When NH4HO is added to the yellow oxide a 
jellowish-white amorphous powder is produced, which is the 
hydrate of a powerful base, mercuramioe (Hg4H4N303, 8H3O). 
The precipitate produced by K^CO, in solutions of HgClj is 
the yellow oxide; that by KHCO3 is the red ozychloride. 

311. The fixed alkalies, like NH4HO, change HgCl into a 
hkuik compound ; but the compound produced by the action of 
the fixed alkalies on HgCl is Hg^O, whilst the compound pro* 
duced by NH4HO is, as is shown in the table, dimercurous- 
ammonic chloride. The following is the reaction : — 2HgGl+ 
2NH4HO = Hg2H2NCl + NH4CI + 2H2O. NH3 is absorbed 
by HgCl, mercurous-ammonic chloride being formed, thus :— » 
HgCl + NH3 = HgHgNCl. 

812. NH4HO, added in excess to a solution of HgClj, 
produces a white precipitate of dimercuric diammonic dichloride 
(Hg2H4N2Cl2). This substance is used in medicine under 
the name ^ white precipitate.^ The action of NH4HO on 
the two mercury chlorides is very analogous. The following is 
the reaction on HgClj : 

2HgCl2 + 4 NH4HO = Hg2H4N2Cl2 + 2NH4CI + 4H3O. 

If on the addition of NH4HO to the HgCl^ solution the 
latter is maintained in considerable excess, the precipitate has 
a different composition to what it has in the preceding case. 
The empirical formula of the precipitate in this latter case 
is Hg4H4N2Clg; its rational formula may be Hg2H4N2Cl2+ 
2HgCl2, a double salt, composed of one equivalent of dimercuric 
diammonic dichloride and two equivalents of mercuric chloride. 

313. For the action of soluble iodides on mercurous and 
mercuric salts see pars. 478 and 479. 

314. The presence of Hg may be detected in solution by 
placing in it a small strip of Zn, round which a thin strip of 
gold foil is twisted. The Hg will be deposited on the Au by 
voltaic action in the form of a white stain, which disappears on 
heating the Au to redness. 

315. Cu, introduced into a solution of a mercurous or a 
mercuric salt, especially after adding HCl, becomes covered 
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with a white lastroiiB coating ; when moderatel j heated, the 
Cu regains its original colour, yapours of Hg being eyolved : 
this test is exceeding] j delicate. Slips of copper wire, about 
an inch in length, may be used ; they should be cleaned by 
shaking for a few moments with concentrated HNO^ and 
thoroughly washed. Half a dozen such slips should be boiled 
for three or four minutes in the solution, previously acidu- 
lated with HCl ; they are then well rinsed, dried by pressure 
between blotting-paper, and heated in a glass tube of one 
quarter of an inch diameter, constructed so as to allow the 
passage of a feeble current of air. A coating of minute 
y lobules qfUg is formed upon the cool part of the tube ; these 
may be united into larger globules by rubbing with a glass rod. 
The copper wire being removed, a very minute particle of I 
may be introduced into the tube, and a gentle heat applied to 
vaporize it. The sublimate of Hg will thus be converted into 
Hgljf which is yellow at first, and becomes scarlet when rubbed 
with a glass rod. 

316. If SnCl2 be added in small quantity to mercuric salts, 
it reduces them to mercurous salts, and, as a consequence, 
HgCl precipitates ; but if it be added in excess, the mercury 
salt (mercurous as well as mercuric) is completely decom- 
posed, Hg being thrown down as a grey precipitate, which 
may be united into globules by heat and agitation — but most 
readily by boiling the metallic deposit, after decantation of the 
supernatant fluid, with HCl. 

317. Detection ofKg in organic liquids. — ^Acidify with a few 
drops of HCl ; add a few strips of copper wire or foil, and boil 
for about half an hour ; then remove the Cu from the liquid and 
wash it with a little dilute solution of NH4HO, so as to remove 
any copper oxide; then dry it by gentle pressure between 
folds of bibulous paper, and examine it according to 
par. 315. 

318. Detection ofKg in organic solids, — The solid cut into 
small pieces is heated with HCl and KCIO3, as directed in 
par. 733 ; after being boiled for a few minutes, it must, after 
cooling, be filtered, and the filtrate evaporated to a small bulk ; 
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if anj solid separates daring the evaporation, it in again fil- 
tered, washed U^ is passed through the concentrated fluid ; 
if a black precipitate is formed, it must be collected upon a 
filter, and washed with R^O until all CI is removed, and then 
purified by boiling it in dilute KNO3 ; it is afterwards dissolved 
in as small a quantity of aqua regia as possible, and examined 
for Hg according to par. 296 — 2nd. 

319. Solid compounds of Hg, mixed with a large excess (at 
least twelve parts) of dfy NagCO,, and heated in a perfectly, 
dry tube of hard glass, having a diameter of about one quarter 
of an inch, and expanded into a bulb at one end, furnish minute 
gkhtUet, Hg, which are deposited on the cool part of the tube 
and may be united into larger globules by rubbing with a 
glass rod. This test is exceedingly delicate ; in order that it 
may be perfectly successful, the Hg compound should be tho- 
roughly dried (in a water-bath), and the NajCOg should be 
ignited immediately previous to use. In order to prevent the 
sublimation of undecomposed Hg compounds, it is well to 
cover the mixture in the bulb-tube with a layer of pure 
Na^COj. 

320. The chief mineral of this metal is the mebcubic sul- 
PHiDB {cinnabar) ; it is likewise met with in the metallic 
state. 

321. Flame reactions, — (a) Metallic film is mouse-grey, non- 
coherent, and spreads over the whole' basin. To obtain small 
traces of Hg in the reduced state, the sample is mixed with 
soda and XNO3, and filled into a thin test-tube five to six 
millims. wide and ten to twenty millims. long. This is held by 
a Ft wire in the flame, whilst the bottom of the basin, filled 
with cold water, is placed close above the open end of the tube. 
If the quantity of Hg is considerable, it collects in the form of 
globules, which can be seen with a lens, and which can be 
collected into larger drops by wiping the basin with a piece of 
moistened filter-paper. 

(c) Iodide-film is obtained by breathing on the metallic film, 
and then placing it over the vessel (fig. 8 of the Plate) containing 
moist Br. It first becomes black, and then disappears, but not 
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until after some time; HgBr^ is formed. If the basin be now 
placed above the yessel of fuming HI, a very charaeterktic 
carmine-coloured film of Hgl^ is produced ; this is often accom- 
panied by Hgl, but neither of these disappears on breathing, 
nor when blown with ammonic air. 

(d) Sulphide -Jilm black, not altered by breathing or by 
blowing with (^114)28. — Bunsen, 

Characteristic reactions, — For mercuroua compounds those 
with HCl and KH^HO. For mercuric compounds those with 
KI, NH4HO, and KHO. 

322. No other oxides of Hg are known. 

823. Bi and its compounds, — The colour of Bi is reddish- 
white ; it is hard and brittle, and when pure crystallizes more 
readily than any other metal. It melts at 264° C, and it 
Yolatilizes at high temperatures. K projected into an atmo- 
sphere of 01 it takes fire ; it also unites readily with I, Br, 
and S. BigOg melts at a red heat ; it and the hydrate are both 
readily soluble in dilute mineral acids. The hydrate is de- 
hydrated on boiling it in solutions of KHO. Many of the 
bismuthic salts crystallize well, but they cannot exist in 
solution unless an excess of acid is present, as they are de- 
composed by water, and this is one of their distinguishing 
characters, into insoluble basic and soluble acid salts ; this 
property is exhibited in the most decided manner by the chlo- 
ride. Bi is found principally in the metallic state. Pewter 
and Britannia metal are alloys of Ou, Sn, Sb, and Bi. Newton's 
fusible metal and the metal for calico-printing blocks are 
alloys of Sn, Pb, and Bi. 

324. The decomposition of the chloride by H3O is employed 
as a confirmatory test for Bi. The precipitate produced by 
NH4HO is dissolved in a small quantity of HOI, evaporated to 
all but dr3mess, and is then poured into a large quantity of 
water ; when Bi is present, a milky turbidness will be pro- 
duced. 

325. K20r04 throws down from solution of Bi the yellow 
OHBOMATE. Bi2(Or04)3 differs from PbCr04 by its solubility 
in dilute HNO3, and its insolubility in KHO.- 



OF THE SIXTH GROUP. 145 

326. Por detecting 6i in the presence of Pb, see par. 337. 

327. When bismuth compounds mixed with NsgCOg are 
exposed on charcoal to the inner blowpipe flame, brittle me- 
tallic globules are obtained, attended with a yellow incrusta- 
tion of BijOg. 

328. Flame reactions, — (h) ReducHon-Jilm black, dead or 
brilliant ; thin portion of film brownish black. 

(c) Oxide-film light yellow ; unaltered by AgNOg with or 
withoat ammonia; gives no reaction with SnCl2y but yields 
black precipitate of Bi^Oj on addition of NaHO. 

{d) Iodide-film is very characteristic, and remarkable for the 
number of tints which it assumes. The thick part is of a 
brown or blackish-brown colour, with a shade of lavender blue ; 
the thin film varies from flesh colour to light pink ; it easily 
disappears on breathing, and appears again on blowing. In a 
stream of ammonic air it passes from pink to orange, and 
on blowing or warming it again attains a chestnut-brown 
colour ; it resembles the oxide-film in its behaviour with SnClg 
and NaHO. 

(«) Sulphide-film is of a burnt umber colour ; the thin parts 
are of a L'ghter coflee-brown colour, does not disappear on 
blowing, and is not soluble in (^IS.^^, 

{f) On charcoal splinter with soda the bismuth compounds 
are reduced to a metallic bead, yielding, when rubbed in the 
mortar, bright shining yellowish splinters of metal soluble 
in HNOg. The solution gives, with SnCLj and NaHO, bkck 

Bi^Oj. 

Characteristic, — The decomposition of the chloride by water, 
the reaction with K20r04, and the flame reactions. 

329. Three other oxides of Bi are known, viz. bismuthic 
anhydride (BijO^), also Bi204, which may be regarded as a 
compound of Bi^Og and Bi^O^, and a dioxide, Bi^Oj. The first 
of these oxides is obtained by passing CI into a strong solution 
of KHO, in which is stispended bismuthons hydrate ; a blood- 
red solution of potassic bismuthate and a red precipitate is 
formed. The red precipitate is digested in HNO3 to remove 
the bismuthous oxide, with which it is always mixed ; a red 

10 
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powder is left, which is bismuthic acid, HBiOg. By a heat of 
270^ it is rendered anhydrous, and assumes a brown colour. 
At a somewhat higher temperature it loses oxygen, and be<x)me8 
converted into the second oxide, Bi204. BigO, is obtained by 
treating equivalent quantities of BiClg and SnCl^ with an 
excess of KHO, filtering and drying in an atmosphere of CO ; 
it is black in colour, and takes fire when heated in the air, 
being converted into BigOj. 

330. Cd and its compounds, — This metal is of a white coloar ; 
it is soft, it melts below a red heat ; it is more volatile than 
Zn, and it volatilizes somewhat below the boiling-point of Hg. 
CdO is quite fixed in the fire, and does not melt at the strongest 
white heat. CdO and its hydrate are both easily soluble in 
dilute mineral acids ; most of the salts of Cd are soluble in 
water. Cd occurs only in zinc ores. It is found as sulphide in 
zinc blende, and as oxide or carbonate in calamine. 

331. When compounds of Cd, mixed with Na^CO^ or other 
reducing agents, are exposed on charcoal to the inner blow- 
pipe flame, the charcoal becomes covered with a ydlow or 
reddish-yellow incrustation of CdO. 

332. Flame reactions, — (a) Metallic-film black ; the thin 
parts brown. 

(5) Oxide-film brownish-black, shading off through brown to 
a white invisible film of suboxide, which is not altered by 
stannous chloride, either alone or with soda ; AgNO^ prodooes 
a blackish-blue coloration of reduced metal, which is very 
characteristic and does not disappear on addition of NH^HO. 

{c) Iodide-film white, no change produced by NH^HO. 

{d) Sulphide film lemon-yellow, insoluble in ammonia. 

(e) Beduction on charcoal splinter with soda, — ^The metal, 
owing to its volatility, can only with difficulty be obtained as 
a silver- white ductUe bead. 

Characteristic reactions. — The colour of the sulphide and 
the flame reactions. 

333. Cd forms another oxide, CdgO ; it is obtained by heating 
CdC204 ; it is a green powder, and is decomposed by heat or 
acids into Cd and CdO. 
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334. Pb and Us compounds. — Pb is of ft bluish-white colour ; 
when cut, the firesh surfaces hftve considerable lustre ; it is very 
8ofl, malleable, and ductile ; it leaves a streak upon paper ; it 
fiiaes completely at 335° C, and at a red heat gives off vapours. 
It combines directly with S> P, and As, and alloys with most 
of the metals. The chief of the useful alloys of which this 
metal is a constituent have already been noticed. It is readily 
oxidized by CuO, which is reduced to the state of Ou^O. PbO 
in commerce frequently goes under the name of imusieot, and 
when partially fused is called litharge. PbO melts readily at a 
low red heat, and dissolves glass and earthenware, forming 
leadOy fusible silicates. It has a considerable affinity for 
acids ; the best solvent both for it and the hydrate is HNOji or 
acetic acid ; the hydrate speedily absorbs CO2 from the air. Oxide 
of lead dissolves in 7000 parts of pure water ; its solubility is 
greatly diminished in the presence of certain salts, sulphates, 
phosphates,* and carbonates for example, and increased by 
XH4KO and, its salts. Metallic lead undergoes no change 
when sealed up in pure water, from which the air has been 
expelled by boiling. It is oxidized, however, when exposed to 
the influence both of air and water ; the oxide thus formed 
diwolres in the water, and this solution absorbs COj from the 
air ; a film of hydrated carbonate of lead, PbH^O, PbCOg, is 
thus formed which is deposited in silky scales. Another por- 
tion of oxide becomes formed on the surface of the metal, which 
is alao dissolved by the water, and thus a rapid solution of the 
metal ensues. This action is materially modified when certain 
ealts exist in the water, even when they do not exceed three or 
four grains in the gallon. The solvent action is increased by 
the presence of chlorides and nitrates, but is diminished when 
sulphates, phosphates, or carbonates are present, the PbO 
being scarcely soluble in water containing these latter salts. 
Acid carbonate of lime is remarkable for its preservative in- 
fluence, and in consequence of the presence of this salt in most 

* Br. Frankland has recentlj observed that water, which dissolves lead 
ceues to do so after it has been passed through animal charcoal, by reason 
of its having dissolved some of the phosphate of lime in the charcoal. 
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Bpring water these waters do not act on lead to any serious 
extent, a film of carbonate of lead beiug deposited on the 
surface of the metal and protecting it from ^rther actioiL 
The presence of nitrogenous organic matter in water is danger- 
ous, as nitric acid may be formed bj its oxidation. Ab lead is 
so constantly employed in making cisterns, pipes, &c., for 
domestic purposes, the action of water on this metal is very 
important in a sanitary point of view. 

835. The principal minerals of this metal are the sulphide 
{galena or lead gUmce, PbS) and the cabbonate (PbCOg). 

836. K2Cr04 produces, in solutions of Pb, a yellow precipi- 
tate of PbCr04, insoluble in HNO3, but soluble in the fixed 
alkalies, from which solutions PbCr04 is precipitated on adding 
acetic acid in excess. 

387. When KI is added to a solution of a salt of Pb, yellow 
Pblj is precipitated, which dissolves on heating the liquid, and 
is re-precipitated on cooling in brilliant golden-coloured Bcales,* 
The solution of the amorphous iodide may be greatly fiioilitated 
by the addition of a small quantity of HCl. If the lea»t 
trace of Bi is present in the lead salt, the re-reprecipitated 
scales are no longer yellow, but assume a dark orange or 
crimson tint, varying in intensity of colour according to the 
amount of Bi present. This test for Bi is of extraordinary 
delicacy. 

338. Detection o/^Pb in waters, — Place two beakers on white 
paper, side by side ; pour into each a pint of the water to be 
examined ; add a little pure HCl to the water in one of the 
beakers, and subsequently some H^S ; if, after the addition of 
the HoS, the water becomes browner in colour than the water 
to which no H^S has been added, lead is indicated ; by this 
method a quarter grain of lead in a gallon of water can be 
detected. As organic matter interferes with the reaction, it is 
necessary to evaporate the water, if it contains much organic 

* Pbl, 18 very solable in solutions of the acetates of soda, potash, aud 
ammonia, even in the cold forming colourless solutions, from which KI, 
added in excess, precipitates Pbl, in the crystalline state, although no beat 
has been applied. 
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matter, to dijnesB with a few drops of HNO3, and ignite the 
residue ; to the residue afterwards should be added some 
HC2H3O2 and water, and the mixture heated, and, if necessary, 
filtered, and to the filtered or unfiltered liquid H^S should 
be applied. 

339. Detection qfBh in organic mixtures, — ^ the mixture is 
in the liquid Hate^ a little HNO3 is added, and the mixture must 
be then filtered, and washed H^S passed through the filtered 
liquid to excess ; a dark-coloured precipitate will be formed if 
lead is present. When a dark-coloured precipitate is formed, 
it is allowed to subside, it is then collected on a filter, and after 
being thoroaghlj washed with water, it is dissolved in HNO^ 
and the solution tested for lead according to 336. 

340. If the mixture ie in the solid form, it may either be heated 
with HCl and KCIO3, as described at par. 733, or it may be 
dried, and the dried mass heated to dull redness until the ash 
is of a grey colour ; it is then dissolved in dilute HNO3, and 
treated with H^S, &c., as in the preceding case. 

34 1 . When lead compounds, mixed with NajCOg, are exposed 
upon charcoal to tiie inner blowpipe flame, ductile metallic 
globules are formed, accompanied with an incrustation which 
is yellow whilst hot, but becomes paler on cooling. 

342. ^Elame reactions of plumbic compounds, — (a) They colour 
ike flame pale blue, 

(h) BeduetionfiUn black, dead or brilliant. 

(c) O^rufe^/m bright yellow-ochre-coloured; stannous chlo- 
ride gives no reaction even on addition of NaHO ; AgNOgdoes 
not produce any reaction, either alone or on addition of 
NH^HO. 

{i) Iodide-film orange- to lemon-yellow, insoluble on breath- 
ing or on moistening ; disappears on blowing with ammoniacal 
air, and again appears on warming. 

(e) Suiphide-film brownish-red to black; by blowing or 
moistening with (NH4)2S it remains unaltered. 

ij) On charcoal splinter with soda gives a grey, very soft, 
ductile metallic bead, which is slowly but' completely soluble 
ia ILN^Og, yielding a white easily crystallizable salt, soluble in 
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H2O, and precipitated as a white powder on addition of H^SO^ 
from a capillary tube. 

Characteristie reactions, — ^Those with HgSO^, HCl, K^CrO^ 
and H2S. 

343. Although PbO is the only lead oxide which forms salts 
with acids, three other oxides are known, viz. PbjO (black sub- 
oxide), PbOg (binoxide), and red lead, which is a compound of 
tbe two oxides, PbOj and PbO ; its composition yariea, but 
2PbO, Pb02 represents an average composition. PbgO is 
obtained by heating PbC204 cautiously in a retort, from which 
air is excluded ; it is converted with acids into plumbic salts. 
Eed lead is obtained by keeping PbO, at a dull-red beat, in 
contact with the air for a considerable time ; it is decomposed 
at a red heat into PbO and O ; HNO3 decomposes it, dissolv- 
ing out PbO, and leaving Pb02. PbOj* sometimes called 
puce oxide, is a brownish-black substance ; it may be ob- 
tained, as we have noticed, by treating red lead with HIQ^O^ ; 
it may be prepared in many other ways — ^it may be obtained, 
for instance, by adding to PbO or PbA, in the presence of 
water, CI or CaOCl ; it is decomposed by heat into PbO and 
O ; SO2 converts it into PbSO^ ; it is often employed in the 
laboratory to absorb SO2; H2SO3 converts it into PbSOj, 
thus: 

PbOg + H2SO3 = PbS04 -f H2O; 

treated with concentrated HCl in the cold, or heated with 
dilute HCl, it is converted into PbClg, thus : — 

PbOa + 4HC1 = PbClg + 2H2O -f Clg. 

344. Cu and its compotmds, — This metal is of a red colour. 
In the finely divided state it is a soft, dark red, dull-looking 
powder. If exposed to a very intense heat it volatilizes, but it 
is usually considered fixed in the fire. It is an excellent con- 
ductor of heat and electricity, standing in this respect next to 
Ag. In the state of foil or filings it takes fire in an atmo- 
sphere of 01. At ordinary temperatures, and at a red heat, it 
unites directly with Br, I, 3, Si, &c. Concentrated HI 
dissolves it readily, H2 being evolved. The fixed alkalies 
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have little or do action on it, but NH^HO gradually dissolves 
it if exposed to the air; the compound in solution, which 
is of a deep blue colour, has the formula CuO(NH3)2; a 
nitrate is formed at the same time. Cu, introduced into 
a gas or alcoholic flame, communicates to it a green 
colour, CuO and its hydrates dissolve with facility in the 
mineral acids, even in their diluted state. If CuO is gently 
ignited with Cu, there is formed Cu20r When CuO is boiled 
with SnCl^, SnOg is precipitated, and CuCl dissolved. With 
F at a red heat, CuO yields phosphide and phosphate of copper. 
CuO appears to unite with ammonia in more than one pro- 
portion. When NH4HO is not added in excess to cupric 
salts, a basic cupric salt, free from ammonia, is usually pre- 
cipitated. NH^HO added to CUSO4 produces at first a basic 
cupric sulphate, which dissolves on the addition of more 
NH4HO, forming a^ deep blue solution, which may be consi- 
dered as containing ammonic sulphate in combination with 
ammonic cuprate, having the following formula : — (NH3)4Cu. 
Cu is a constituent of many useful alloys, the chief of which 
have been already noticed under the heads of the other metals. 
If bright metallic iron be introduced into copper solutions, it 
becomes coated with a red deposit of that metaJ, provided the 
solution be neutral or only very slightly acid. 

845. This metal is sometimes found in the native state, but 
it chiefly occurs in combination with iron sulphide, consti- 
tuting the COPPEE PYBiTEs (CujS + FcgSg), and in blub cop- 
PBE ore, or ma^lachite (CuCOg, CuO, HgO). 

346. IS^^e/'Cj^ throws down, even from dilute solutions of 
copper, a reddish-brown precipitate of CugFe^Cy^, which is 
insoluble in dilute acids, is decomposed by the fixed alkalies, 
is soluble in NH4HO, which solution has a deep blue 
colour. 

347. Detection of copper in orgimio liquids, — Acidulate with 
HCl, introduce a piece of polished iron (344), and allow it to 
remain in the liquid several hours if no perceptible deposi- 
tion takes place in a shorter time. If any doubt exists about the 
depoHity examine either a portion of the solution which has not 
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had the iron test applied to it, or by dissolving some of the 
precipitate, which has been scraped off the iron, in HKO^ 
and ezaminiDg that or the original solution with NH^HO or 
K,re"Cy,. 

348. Detection in organic solids. — The substance to be ex- 
amined is cut into small pieces, and treated with HCl and 
KCIO3, as directed at par. 733. The acid solution, after fil- 
tering it, is evaporated nearly to dryness, and then examined by 
one or othe^ or by all the following tests : — Fe (par. 344) 
NH4HO (Table VI, W 3), 'K.^'Fe'Vy^ (par. 346). 

349. When any copper compounds, mixed with NajCO^, 
are exposed on a charcoal support to the inner blowpipe flame, 
Cu is obtained, unaccompanied with any incrustation on the 
charcoal. 

350. Flame reactions, — (a) On the charcoal splinter wiih 
soda the copper compounds yield a ductile lustrous metallic 
bead, easily recognisable by its red copper colour. By rubbing 
in the mortar, flat metallic particles are obtained, which can 
be readily washed, and are easily soluble in HNO3. The blue 
solution, absorbed on filter-paper, yields a brown stain on 
addition of K^e'^Cj^. Instead of acting upon the metal in a 
curved glass, it may be dissolved by moistening paper upon 
which it is placed with HNOg. 

(b) With borax on platinum wire, — Blue bead, not altered 
to cuprous oxide when heated in the lower reducing flame 
alone, but on addition of very little tin-salt forms a reddish- 
brown bead. If this bead be frequently oxidized and reduced 
in the flame, a ruby-red transparent bead is obtained ; this 
occurs most readily when the bead is allowed to oxidize yeiy 
slowly. — Bunsen. 

Characteristic recustions. — Those with NH4HO and IS^^qCj^^. 

351. Three other oxides of copper are known, viz. CujO, 
CU4O, and CU2O3 ; there is very little known about the last 
two. We have already noticed the formation of the first oxide, 
CujO (par. 257), and we shall learn hereafter some other methods 
for its formation ; it is of a red colour, and its solution in HCl 
absorbs rapidly, and becomes converted into a cupric salt. 
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One of tbe most remarkable properties of the solutions of this 
oxide in HCl is that of absorbing GO, and forming with it a 
crystalline compound. 

352. The following methods have also been proposed for the 
separation of Cd and On : 

lat Method. — ^Acidify the solution, if it is not acid, with 
HCl ; then pass HjS through the solution. The two metals, 
if present, will be precipitated as sulphides ; the precipitate 
must be well washed, and then boiled with dilute H2SO4. The 
CdS is decomposed by the H2SO4, CdSO^ being formed, which 
dissolves, whilst the CuS is undecomposed and undissolved. 
Separate the two by filtration, test the filtrate for Cd by HjS ; 
dissolve the CuS in HNO3 ; neutralize with NH4HO, acidify 
with acetic acid, then add "K^e^'Cj^, This is a good method ; 
the only precaution to be attended to is, that the mixed sul- 
phides must be washed rapidly, so that the CuS may not become 
oxidized by exposure to the air. — Dr, A. W. Hoffmann, 

2nd Method. — To one portion of the acetic solution add 
HjS in excess. The formation of a yellow precipitate denotes 
Cd. If, on account of the presence of Cu, the CdS cannot be 
distinctly recognised, allow the precipitate produced by the 
HjS to subside, decant the supernatant fluid, and add to the 
precipitate a solution of KCy until the CuS is dissolyed. If a 
yellow residue is left undissolved, Cd is present ; in the con- 
trary case, not. — Fresenius. 

853. Answers to the following exercises must be written out. 

EXBBCIBES. 

114. If after dissolving the precipitated sulphides of the 
second division of the sixth group in HNOj,, you were to add 
NU4HO without first adding H2SO4, how would you examine 
the precipitate for Bi and Pb ? Describe as many methods as 
possible. 

115. I have some ferrous sulphate which contains some 
cnpric sulphate : how must I precipitate the Cu, so that after 
the precipitation the ferrous sulphate remains perfectly piure ? 
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116. How would you prepare pure argentic nitrate from an 
alloj of copper and silver ? 

117. What substances inerease, and what substances de^ 
ereasCy the solvent action of water on lead P 

118. What is the action of KHO on cupric salts, and how is 
this action modified in the presence of AsjOg P 

119. How would jou proceed to detect and separate all the 
members of the sixth group, if you were to precipitate the 
members of the first as well as those of the second division with 

120. A mixture of PbS and PbS04, in the proportion of one 
equivalent of PbS to three of PbS04, is heated to near the fusing 
point : what changes take place P 

121. Describe the processes for the detection of copper in 
mixtures containing organic matter. 

122. Give the formula of the different lead oxides, and state 
how they are prepared. 

123. A colourless solution is given you which you have to 
examine for the members of the six groups. What members 
must be absent P 

124*. Give the composition of the oxides and chlorides of 
mercury, and describe by equations the action of the volatile 
and fixed alkalies upon them ; and state how mercurous and 
mercuric compounds are distinguished from each other. 

125. The salts of another metal form, like the cupric salts, 
a blue solution with NH^HO : name the metal, and state how 
you would distinguish the Cu and this metal from each other 
in a solution. 

126. How would you detect corrosive sublimate in orgaxdc 
mixtures P 

127. Give several methods of reducing AgCL 

128. The water in copper mines contains Cu and Fe in solu- 
tion as sulphates, owing to the oxidation of some of the copper 
ore, CU2S, Fe2S3 ; the water is pumped into wood spouts, the 
bottoms of which are covered with pieces of scrap iron. What 
is the object of passing the mine-water over the iron ? 

, 129. Some red silver ore, 3 Ag2S, SbjS,, is placed in the bulb 
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of a glass tube ; a stream of drj H is passed over it, and it is 
heated to fusion bj means of a lamp; when pure H onljr 
escapes from the glass-tube the lamp is removed. What 
change has the H effected? Dry CI is afterwards passed 
through the tube, and a gentle heat applied to the bulb : what 
change does the CI effect, and what substance finally remains 
in the tube P 

130. I have in solution arsenious and arsenic acids, and Cu, 
Ni, Co, and Fe in the ferric state. 1 diffuse CaCOs through 
the solution without heating it, and allow it to stand for some 
time. I then filter off and pass CI through the filtrate, and 
again add CaC03. I again filter, and to the filtrate add 
lime-water. What change does the CaCOg effect, for what 
purpose is the Ci added, and of what does the precipitate 
consist which is produced by lime-water, and why is lime-water 
added in preference to KHO or NaUO ? 

131. An ore containing CuS, FeSg, and AggS, is roasted in 
contact with the air, the heat being gradually raised during 
the space of three or four hours to a dull-red, and finally 
to a bright-red ; the roasted mass is finally heated with water, 
and metallic copper is introduced into the solution. What 
changes do the sulphides undergo in the first stages of the 
Toasting, in what state are the metals finally left, and what 
substances remain undissolved, and what are dissolved by the 
water, and for what purpose is the Cu introduced into the 
aqueous solution. 

132. Different processes have been proposed, and are carried 
out in the smelting of the sulphur ores of silver ; sometimes the 
AgjS is fused with Fb ; sometimes it is fused with FbS04, in 
equivalent proportions ; sometimes it is fused with PbO in the 
proportion of an equivalent of the Ag2S to two equivalents of 
PbO. Show by diagrams the reactions which take place in 
each case. 

133. There is present in solution in HCl, FejCl^, CuClg, 
CoCl^* ^iClj, and H3ASO4. I nearly neutralize the solution 
with Na2C03. 1 then add sodic acetate in excess, and boil for 
some time, and afterwards filter. The filtrate I acidulate with 
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HCl, and then pass HgS through it to excess, and again filter. 
I boil the filtrate to expel the excess of HjS, and then puss 
Gl through it to excess, and then diffuse CaCOji through the 
liquid and allow it to stand for several hours. I afterwards 
add to the filtrate lime«water. What changes take place on 
boiling the solution after the addition of the alkaline acetate? 
What is precipitated by the HgS, by the CaCOg, and by the 
lime-water ? 

134. A silver ore containing AggS, CuS, FcgSg, NiAs, and 
CoAs2» after being reduced to powder, is mixed with a tenth of 
its weight of NaCl ; the mixture is afterwards roasted for several 
hours ; when the roasting is complete the ore is raked out and 
allowed to cool ; it is then sifted to separate the fully roasted 
portion, which is in fine powder, from the imperfectly roasted 
portion, which is in lumps ; the fine powder, along with about 
a tenth of its weight of scrap iron, is introduced into casks 
about half filled with water ; the casks are then made to revolve 
for about two hours ; about half its weight of mercury is then 
introduced into the casks, which are then revolved for about 
twenty hours. The amalgam and mercury in excess are 
then separated from the spent material by washing, and the 
amalgam is afterwards separated from the mercury by fil- 
tration ; the ama]gam is finally placed on trays supported on 
a tripod, over which is placed a large bell-shaped iron veesel, 
the bottom of which rests in a vessel into which water is con- 
stantly flowing; round the upper part of the bell a fire is 
lighted, which brings that part of the bell and its contents to 
a red heat. What change do the metals undergo in roasting ? 
What change do the iron and mercury effect p And what is the 
object of placing the amalgam under the iron vessel ? 

THE OEKSBiX PBOPERTIES OF THE DIFEEBEITT BASIC GBOXTPS. 

354. It will be seen by consulting Table Yll, that some of 
the group-reagents precipitate more than one of the groups ; 
the analysis must therefore be commenced by removing the 
group whose reagent does not precipitate the members of any 
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of the other groups under the same circumstances. Such a 
course will be adopted, if the reagents are employed in the 
order observed in the table. 

355. FiBST Division op the Sixth Gbottp. — The analysis 
must be commenced by adding to the solution HCl, which pre-> 
cipitates the Ist section of the 6th group if present. When a 
precipitate is produced, collect it upon a filter, wash it twice 
with cold water, and then examine it, according to the 1st 
section of Table YI, and par. 293. The wash- water must be 
collected with the filtrate. Before adding the HCl, coMult 
pars. 376, 377, and 378. 

356. 'The filtrate from the precipitate produced by HCl, or 
the solution with which that acid has failed to give a precipi* 
tate, must be examined for the 2nd division of the 6th and the 
whole of the 5th group, in the manner described in the next 
paragraph. 

357. Second Division op the Sixth and the whole op 
THE Fipth Gboup.* — HgSf must be passed through the solu- 
tion until it BmelU strongly of HjS after it has been shaken 
and gently warmed for some time ; the 2nd section of the 6th, 

* An and Pt are easily detected in the presence of all the metals (para- 
graph 331); Northoote and Church, in their 'Manual of Analysis,' 
recommend their separation from the solution, before precipitating the 
other members of the fifth and the members of the sixth group by HgS ; 
the following is their plan: — The filtrate from the HCl precipitate, or the 
Bolution which has failed to give a precipitate, is freed from HNO, (if 
present) by one or two evaporations on the water-bath with HCl ; to the 
HCl solution, which ought to be concentrated, a reasonable quantity of 
NH4CI solution is added, the liquid is then well agitated and allowed to 
rest for some hours ; if Pt is present, a yellow crystalline precipitate of 
2NH4CI, PtCl4 is formed. The filtrate is mixed with a reasonable quantity 
of a concentrated solution of H2C3O4, and moderately heated for some 
hours. A precipitate, consisting of yellow spangles or of a brown-yellow 
sponge indicates Au. The filtrate is then treated with H^S. 

t If the AgjO, PbO, and Hg^O, had not to be sought for, we must 
nevertheless add HCl to the solution to render it acid, before adding HjS, 
in order to prevent the members of the 3rd and 4th groups fVom being 
predpitated by that reagent, and to ensure the complete precipitation of 
the fifth group. 
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and the 5th group, when present, will be precipitated. When 
a precipitate is produced, collect it upon a filter and wash it 
with hot water, until the wash-water is no longer acid to test- 
paper ; the wash-water need not be collected with the filtrate, 
but may be thrown away. 

858. K the Fifth G-bouf has not to he examined fovy the 
washed precipitate is at once examined according to Table YI 
and par. 294. 

359. When the Fifh Gbouf has to he examined for, the 
washed precipitate must be treated with boiling solution of 
KaHO ; the members of the Sixth Gbouf are insoluble, but 
the members of the fifth are soluble in ^aHO ; if any of the 
precipitate is insoluble in it, filter, and treat the insoluble por- 
tion according to par. 360. Examine the KaKO solution for 
the &th group according to par. 361. 

360. The portion of the precipitate insoluble in NaHO 
must be examined, after it has been well washed, according 
to Table VI and par. 294. 

861. To the NaHO solution must be added HCl in excess. 
If a precipitate is produced, on the addition of HCl, the 
colour of which is white j this arises merelj from the separation 
of S, none of the members of the group being present ; if the pre- 
cipitate is of a yellow or orange colour, ^^^v^, SnSj, and A8.jS^* 
can only be present. If the colour of the precipitate is black, 
then all the members of the group must be sought for. The 
precipitate, after being well washed with hot water, must be 
examined according to the directions given under the 5ih 
group (par. 213). Before passing the HjS through the solution 
consult pars. 879, 880, and 381. 

862. The filtrate from the H2S precipitate, or the solution 
with which it has failed to give a precipitate, must be boiled 
until a piece of bibulous paper moistened with a solution of a 
lead salt does not alter in colour when held over it, a proof that 
all the H^S is expelled. If boiling the liquid causes a sepa- 
ration of S, the solution, after the H^S is expelled, must be 

* For the colour of the sulphides of this group see pftr. 224. 
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filtered, and then examined for the 4ith group as directed in 
the next par. 

363. The Poubth Gboup. — Before adding to the solution 
the general reagent for this group, a small portion of the solu- 
tion must be tested for EeO, bj adding to it a few drops of a 
solution of KQFe2Cjj2>* observing the precautions mentioned in 
par. 177. When EeO is present the remainder of the solution 
must be boiled in an evaporating dish with a few drops of 
HNO,, until all the FeO is converted into FejOg, which is 
accomplished when a drop of the solution does not give a blue 
colour with K^FjCjij* When FeO is not present, the solution 
does not require to be boiled with HNO3, but it may at once 
be examined for the 4th group as directed in the next par. 

3G4. NH4CI and NH^HO must then be added to the solu- 
tion ; the NH4HO must be added until the solution smells of 
it after it has been shaken. Warm the solution after the 
addition of the NH4HO, and when a precipitate is produced 
collect it upon a fQter, wash it with hot water until the waslT- 
water does not turn red test-paper blue; examine it then 
according to Table IT and par. 166. Before adding the NH4CI 
and ^HfiO consult pars. 382, 383, and 384. 

365. The filtrate from the precipitate produced by NH4HO, 
or the solution vnth which it has failed to give a precipitate, 
must be examined for the thibs qbovp according to the 
method described in the next par. 

366. Thibd Gboup. t—CNHJgS % must be added to the 

* KsFe^Cyn precipitates other oxides besides the FeO, but with no 
other oxide but FeO does it give a blue precipitate. 

t Although FeO belongs, on account of its general properties, to this 
group, we have placed it in the special table of the 4th; because, in 
ieparating the groups, it is converted by HNO3 into Yefi^ — a member of 
the 4ib : we have thought it advisable, therefore, to contrast its special 
properties with the members of that group. 

X When the student does not look for the members of the three previous 
groups, yiz. the 6th, 5th, and 4th, he must, before adding (NHJ^S to the 
wlution, add NH4CI and NH4HO; in other words, he must add them to 
the lolution which he has to examine for the members of the Srd group, if 
^^ey have not been added in the previous coarse of the analysis. The 
i ^'HfCl is added, to prevent the precipitation of MgO by NH4HO. 
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TABLE VII.— Behayioitb ot thx Basic Grocps 



nasT GROUP. 



1. HCl does not pre- 
cipitate the membera of 
this group from their 
■olutioiu, because their 
eUoridei are toluhU. 



S. H,S doee not pre- 
cipitate the members of 
this group, either from 
their nkutral, acid, or 
ALKALiHK soluUous, be- 
cause their enlpkidee are 
soUtble, 



S. MH^HO does not 
precipitate either of the 
other two members of 
the group. 



4. (NH^l.S does not 
precipitate the other two 
memiNsrs of this group 
from their solutions, be- 
cause their svlpludes are 
soluble. 



6. (NII^^CO, does not 
precipitate either of the 
other two members 
this group trom their 

ItttiODS. 



the 

of 

so- 



6. Na,HP04 does not 
precipitate the other two 
memoers of this group 
from their solutions. 



First Division. 
BaO, SiO, CaO. 



SECOND GROUP. 

Second Division. 



MgO. 



1. HCl does not precipitate the members of this 
group from their solutions, because their chlorides 
are soluble. 



2. H,S does not precipitate the members of this 
group either from their mcutkal, acid, or alka- 
LiNX solutions, because their sulphides aresoluble. 



S. NH4HO does not* 
precipitate the members 
of t his division from their 
solutions. 



8. ISEJclOpreapiiata 
"Hlfpartip from iu solu- 
tions as MkH^Os; the 
presence of ajuiomc 
SALTS prevents* the pre- 
cipitation. 



4. (^H^tS does not precipitate the members or 
this group from their soluiioos, because their sul- 
phides are soluble. 



6. (NH4),C03 nrecipi- 
tales the members of 
this division from solu- 
tions as CARBONATES; 

the presence of am- . 

MONIC SALTS dofS not 

interfere with their pre- 
cipitation. 

«. Na,HP04 precipi- 
tates the members of 
this division from nku- 

T&AL and ALKALIRK SO- 

lations, as rHoapHATBs. 



6. (HH^VsCO, precipi- 
tates Mg only partly, 
and the presence of am- 
xoNic SALTS prevents 
the precipitation. 



8. NssHPO^ precipi- 
tates Mg from iu nku- 
TEAL and ALKALINE So- 
lutions, as PHOSPHATE : 
violent agitation pro- 
motes the formation of 
the precipitate. The 
precipitiite is more solu- 
ble in hot than in cold 
water. 



THI&O GROUP 

MkiO, ZnO, CoO, 
NtO, iVO. 

1. HCl does nsi ptvc- 
pit«te the member* A 
this group from t^:: 
soluttona, beemse tinr 
ehlorides are jeJul^. 



9. HaS does no! pni' 
pitate the membos <^( 
this group Cram the> 

ACIB 



8. VH«HO 
tales the mcasben H 
this group aa aTDEATrs 
In an ezcesa <tf Uif re- 
agent ZiiH/),, CoH/>» 

and NiH^a» "i^ 'O'*.- 
soluble, bai MuH/), isd 
VeH,Oa "e ins^^l'-f 
but the presence of kM- 

MOlflC SALTS 

their precipiiati 



4w (NH*)^ F«sF^. 
totes the members j*' 
this group fiuB uti 

TRAL and ALAiU^S 

solutions, as snlphda 



5. (NHV-iCO, prfTH- 
tales the membcn of Ub^ 
group ; but the^ are s ' 
with the exoepQoB ci tta 
Mu and Fa prec3pitA'<» 
readily soltMa in an «f- 
C€$s el the reagcat. 



6. NaanP04 prtftf ^ 
totes the member* >' 
this group from thdr 
NEVTRAL aohitioas tf 

PHOaPUATXS. 



* The baric, strontie, and calcic phosphates and oxahites, and magnetic phosphate, are soln'ilr a 
dilute mineral acids, but insoluble in water and the alkalies; consequently, when their acid aoturjosi 
are rendered neutral or alkaline by ammonia, these salts are preapitated ; therefore, when barrow 
stiontia, and lime are in oombination with phosphoric and oxalic acids, and when magnesia iM in eaBsbi.<s^ 
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rOUBTH GROUP. 
Ai,<V Cr^O^ Fe^. 



1. HCI iota not preci- 
pitate the memben of 
this fsroiip from their 
■olntiona, beaaue tkfit 
cklorid€$ are soUMe. 



1 H^ does not pre- 
cipitate mnj of the mem- 
hcrs of Uus eronp from 
thr.r ACID iolntioiis, for 
FeS is readilj eolable in 
aads, uul AlyS, and 
^rS "^ ■Mit foimed in 
the hamid way. 

fmemee t^itt Moits, pre- 
apitatea the members 
of this group as Hi- 
DSATESft which an ex- 
ru} of the reagent doet 
«o< redisiQlve. 



4. (KH^)^ jtreapi- 
; ta/e« the members of 
, this group from nxv- 

T&AL and ALKALISB SO- 

latwos; Pe»« as ^eS, 

; Al and Cr as ALHwO. 

ttdCfaH^^ ^ •^' 



I 5. (NH^XgCOj preapi- 

\ UtUt the members of tnis 

poop fztm their aoln- 

ticos as oxiDBs ; an «r- 

' £nf of the rearent does 

not redisaolTe them. 



6. ITi^HPOa preci^n- 
te/ef the members of this 
group from their kbu- 
TSAL aobitioBB as rsos- 

; VUATES. 



FICTH GROUP. 
SnO. SnO., Sb^„ 

Au,0,. PtOf 

1. HCI does not pre- 
cipitate the members of 
this group from their 
eolations, becaose their 
chloridos are soluble. 



S. H^ predftitates all 
the members of this 
group from their acid 
solutions, as sulphides. 



S. NH«HO precipi- 
tates 801IX of the mem- 
bers of this group. 



4. (NH^^ if added 
in exeeuy does not pre- 
cipitate the members of 
this group from their 
solutions, became their 
SULPBIDES are soluble 
in the aUkaline sulphides. 



6. (NH^^gCO, predpi- 
totes soMK of the mem- 
bers of this group, as 

OXIDES. 



6. IfasHP04 precipi- 
tates SOMK of the mem- 
bers of this group from 
their nevtkal solutions 

as PHOSPHATES. 



SIXTH GROUP. 
Second XHeisum. First Division. 



HgO, PbO, Bi,0» 
CdO, CuO. 

1. HCI does not preci- 
pitate the members of 
this division of the 
group, because their ehlo- 
rides are soluble. 



PbO. AgjO, Hg,0. 

1. HClpfvctpt/stothe 
members of this division, 
because their chlorides 
are ineolubte. PbCi is 
slightly soluble in water ; 
it IS more soluble in hot 
than cold water. 



S. R|S precipitates sll the members of this 
group from their nkutial, alkaline, and acid 
solutions, as sulphides. 



8. NH4HO predpitatee the members of this 
group ; but in an excess of the reagent the Ag, Cd, 
and Cu precipitates redissolve readiW ; but the Hg, 
Pb. and Bi precipitates are insoluble in an excess 
of the resgent 



4. (SB^JS ftrecipitates the members of this 
group from their heutral and alkaline solu- 
tions, as sulphides. 



S. (NH4)|C0, predpitatee the members of this 
group from their solutions ; and an excess of the 
reagent does not redissolve them, with the excep- 
tion otiHit euprie precipitate. 



d. NuaHPO^ predpitatee the members of this 
group from their ksutkal solutions, as phos- 
phates. 



tion with phosphoric acid, they are precipitated in combination with these acids by ammonia, from their 
wd soltttMHis, along with the members of the fourth group. , • -. i,^ 

T When the iron, chromic, and aluminic phosphates are present in a solution, they are precipitated as 
fbosphates, and not as hydintes, by ammonia. 
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solution, the liquid must afterwards be shaken and gently 
heated for some time. When a precipitate is produced^ collect 
it upon a filter, and examine it according to Table III and 
par. 112. Before filtering the whole of the solution, add to 
that portion of the liquid which has been filtered, a little more 
('NH4)2S ; if the reagent produces a further precipitate, add 
some to the unfiltered as well as to the filtered portion, re- 
filter, and again test the filtrate with it. If the (NH4)2S 
causes no precipitate in the filtered liquid, proceed with the 
filtration, as the group has been completely precipitated. 
Before adding (NHJjS to the solution consult pars. 385, 386^ 
387. 

367. If the filtrate from the (NH4)2S precipitate, op the 
solution with which it has failed to give a precipitate, has 
become, from its addition, of a dark brown colour, the filtrate or 
solution must be evaporated and then acidified with HCl, and 
filtered as directed in par. 387. NH4HO in excess must be 
added to the filtrate, which must then be examined for the 
SECOND GEOUP according to par. 369. 

368. If the filtrate from the (NH4)2S precipitate, or the 
solution with which it has failed to give a precipitate, has not 
altered in colour^ it can at once be examined for the ssconi) 
GBOVF as directed in the next par. 

369. FiBST DivisioK op the second group. — (NH4)oC03* 
must be added to the solution ; the solution must then be 
gentlj warmed for some time, but not boiled. If one or all 

* When the student does not look for the members of the four previoos 
groups, viz. the 6tb, 6th, 4th, and 8rd, he must, before adding the 
(NHJjCO, to the solution, add KH4CI and NH4HO; in other words, he 
mnst add them to the solution which he has to examine for the memben 
of the second group, if they have not been added in the previous coarse of 
the analysis. The NH4CI is added to prevent the precipitation of the 
MgO by the carbonate of ammonia ; any animonic salt may be employed, 
the acid of which forms no insoluble compound with MgO or the other 
members of the group. If the ammonic carbonate employed is an acid 
carbonate, a portion of the alkaline earths is apt to be dissolved by it. The 
NH4HO is added to prevent this; it does so by converting it into a 
neutral carbonate. 
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of the members of this diTision are present, a precipitate will 
be produced hj the (i^'R^2^^» especiallj after warming the 
solation. When a precipitate is produced, collect it upon a 
filter and wash it with hot water, and afterwards examine it 
according to Table II and par. 66. Before filtering the 
whole of the solution, add to that portion of the liquid 
which has been filtered a little more (NH4)2COj| ; if the 
reagent produces a further precipitate, add some to the 
unfiltered as well as to the filtered portion, re-filter, and 
again test the filtrate with it. If the (NH4)2C03 causes 
no precipitate in the filtered liquid, proceed with the 
filtration, as the group has been completely precipitated. 
Befbre adding the (NH^sCOg, consult pars. dS8 and 389. 

370. The fiUrate from the precipitate produced bj 
(NH4)2C03, or the solution with which it has failed to give a 
precipitate, must be examined for Mg, K, and Na, as directed 
in the next par. 

371. The solution which has to be examined for Mg, K and 
Na mnst be divided into two parts, which we shall call A 
andB. 

372. The A portion may be employed for the examination 
for Mg ; for this purpose we must add to the solution, which 
muBt be quite cold, Na3HP04 and also NH4HO, if this latter 
reagent is not already present in the solution, the liquid after 
the addition of the reagent ought to be shaken very yiolently ; 
and if, after time (one or two hours) has been allowed for the 
formation of the precipitate, there is no precipitate, Mg is absent. 
If there is a precipitate, Mg is present Before adding Na2HF04, 
tonsult pars. 890 and 391. 

373. Examine B for K and Na according to par 27. 

374. When a precipitate has been produced by (NK^^CO^, 
one drop of dilute H2SO4 ought to be added to the B solution 
Wore it is evaporated and ignited. The acid is added to 
vemoye the minute quantity of Sr, if present, which remains 
unpredpitated by (NH4)2C03, as Sr imparts to the flame a 
colour yery similar to that produced by K. 
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375. Ammonia. A portion of the original solution must be 
examined for ammonia according to par. 24. 



FABTIGTTLAB OB8EBTATIOKS BEOABBING THE PBBCIPITATES 
FBODVCED BT THE OBOVP BEAOENTB, AND THE PBE- 
CAUTIONS TO BE OBSEBTED TS EXAMDrUTG FOB THE 
DIFFEBENT OBOUPS. 

376. Precautions to he attended to in examining for tkefint 
section of the Sixth Chroup, — Before adding HCl to the solution 
under examination, it is necessary to ascertain, by test-papers, 
whether the solution is acid, neutral, or alkaline. When it is 
one of the two former, a few drops of the acid will generally be 
sufficient ; if alkaline, the acid must be added until it is de- 
cidedly in excess. When a precipitate is produced, add the 
acid, drop by drop, until it ceases to increase ; then add a few 
drops more, shake the mixture, and filter. When no precipi- 
tate is produced, a few drops of the acid will in most cases be 
sufficient, since our only object in adding it then is to acidify 
the solution, in order to prevent the precipitation of the 3rd 
and 4th groups by H2S. When evolution of gas takes place on 
the addition of HCl, examine it for CO2, HjS, and HCy, as 
directed under those heads. 

377. As Ag is not precipitated, under certain circumstances, 
by HCl — and as a precipitate may be produced on the addi- 
tion of HCl, in the absence of AgjO, PbO, and HgjO — it is 
requisite to notice, 1st, the substances which interfere with 
the precipitation of Ag ; 2nd, the substances which may be 
precipitated, and under what condition the precipitation takes 
place. Ist. When Hg(N03)2 is present in the solution, Ag, 
if present, will not be precipitated by HCl, because AgCl 
is soluble in a solution of Hg(N03)2, especially if the solution 
is hot and concentrated ; on the addition of water and cooling, 
the solution may deposit shining yellowish-white crystals, 
which are pure AgCl. When Hg(N03)o ia suspected to be 
present, ammonic acetate ought to be added to the solution 
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after the addition of the HCl, as this ensures the complete pre- 
cipitation of the AgCl. 2nd. The precipitate • may be occa- 
sioned by the presence of some salt of Sb or Bi, as SbCIg 
and EiClg are decomposed by much water into soluble acid and 
insoluble basic salts. The precipitate t m&y also arise from 
the presence of some substance insoluble in water, but soluble 
in the caustic, carbonated, or sulphuretted alkalies, or in an 
alkaline cyanide — for example, phosphate of alumina, or 
alumina dissolved in NaHO, AsjSg dissolved in NH4HCO3, 
SbjSj dissolved in an alkaline sulphide, NiCy2 dissolved in an 
alkaline cyanide, AgCl dissolved in NH4HO ; or the precipi* 
tate may be due to silicic acid, some alkaline silicate being 
present. If the precipitate is due either to Sb or Bi, it will 
redisaolve on the addition of a few drops more of HCL When 
silicic acid is the substance thrown down, the precipitate will 
appear very gelatinous, and will remain undissolved on the fur- 
ther addition of acid ; a fresh portion of the original solution 
must, therefore, be acidulated with HNO3, ^^^ evaporated to 
dryness to render the silicic acid insoluble ; the ignited mass 
may then be digested with dilute HNO3, and filtered. ;( The 
analysis of the filtrate must then be conducted in the regular 
way, by adding to it HCl, &c. If the precipitate should be 
due to the presence of any of the other substances, a fresh 
portion of the original solution ought to be taken, and HNO3 
added to it until it is decidedly acid. If the precipitate does 
not disappear on the addition of the add, the solution ought to 
be wanned ; if this should fail to dissolve the precipitate, it 

* If the HCl employed contain a trace of HSSO4 and Ba be present in 
tbe flnid under examination, a slight trace of insoluble BaS04 ^^ he 
formed, which may be distinguished by the difficulty experienced in sepa- 
rating it from the fluid by filtration. 

f HCl precipitates, of the inorganic acids, boracic acid; and of the 
organic acids, benzoic and uric acids, if the solution is very concentrated. 
The two former are dissolved by hot water, and the uric acid by heating 

with HNOj. 

% Tbe precipitate left upon the filter must be examined for silicic acid 
according to the method described under the head of that acid. 
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must be collected upon a filter, and examined as a substance 
insoluble in water and acids {see 719). 

378. As the PbCIg, AgCl, and HgCl are very heavy, they 
easily separate from the solution ; there is, therefore, no need 
to warm the fluid to effect this object. Indeed, it would be dis- 
advantageous to do so, as a portion of the HgCl would be con- 
verted into HgCl^, and the greater portion, if not all, the PbCl, 
would be dissolved. 

379. Precautions to he observed in examining for the second 
section of the Sixth and the whole of the Fifth Qroup. — Before 
passing IL^S through the solution it will be necessary to dilute 
it with water, if it be very acid, as the members of the two 
groups are not readily precipitated as sulphides from very acid 
solutions. Especially is it very difficult to precipitate Cd by 
H^S in the presence of much HCl. If, therefore, the solution 
has not been diluted, and Cd is present, a yellow precipitate 
may be obtained on adding (NH4)2S to precipitate the 3rd 
group. It must also be observed that if the solution has not 
been rendered sufficiently acid, some of the Zn, if it be present, 
may be precipitated by H2S. If on diluting the liquid it 
becomes turbid, this arises from the presence of some salt of 
Sb or Bi ; a few drops of acid will redissolve this precipitate. 
Arsenic acid is reduced very slowly by H.^S, but SOg* reduces 
it rapidly, if assisted by a gentle heat; if, therefore, arsenic acid 
is present or its presence suspected, SOj ought to be added in 
excess, the solution then gently warmed for some time, and 
finally boiled until the excess of SO2 is expelled. If Zn is pre- 
sent, and the arsenic acid has not been reduced, a precipitate 
would be produced having this composition, ZnAs^Sg. 

380. If, on the addition of HjS, no precipitate be produced, 
it proves the absence of the 2nd section of the 6th and the whole 
of the 6th group. If a precipitate be produced, the colour of 



* If 6a, Sr, or Pb, be present, the SOj will give rise to a precipitation 
of their sulphates ; tbe precipitate should be collected upon a filter^ washed, 
dried, and then examined as a substance insoluble in water and acids, 
according to 729. 
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which 18 white,* this likewise proves the absence of these 
groups, as the white precipitate is merely due to a separa- 
tion of S, occasioned hj some of the H2S being decomposed hy 
its reducing some higher oxide to a lower degree of oxidation. If 
the colour of the solution, originally orange or yellow^ change 
to a green^ afler the gas is passed through it, the separation of 
sulphur is due to the reduction of CrOg to Cr203 ; the white S 
suspended in the green solution frequently perplexes the 
student, as it appears at first like a green precipitate. If the 
separation of S be not attended with any change in colour, it 
is (probably) attributable to the reduction of FcgOj to FeO, 
CrOj and ^ejd^ being both found in their lower degree of oxi- 
dation after H2S or any reducing agent has been added to their 
solutiona. 

381. If on the first transmission of HjS through the solu- 
tion a white precipitate be formed, which, on a further addi- 
tion of the reagenty acquires an orange colour, and becomes 
finally black, it points out that some mercuric salt is present. 
If the precipitate, on its first formation, assumes a red or 
brownish-red colour, and becomes finally black, it indicates the 

probable presence of some lead salt. 

382. Precautions to he observed in examining for the Fourth 

Group. — ^If the HgS were not expelled before boiling the solu- 
tion with HNO3, the latter would give rise, by oxidation of the 
S, to n^SO^, which would precipitate Ba and Sr, and possibly 
Ca, as sulphates, if they were present. Even when HNO^i 
has not to be added to the solution, no FeO being present, 
it is necessary to expel the HjS before adding NH4HO, 
otherwise (T^'B.^^ would be formed, and consequently the 
third as well as the fourth group would be precipitated. 
When the solution is very acid, no NH4CI need be added, as a 

* If HNOs be present in the solution, a thick tenacious yellow mass of 
sulphur will separate, occasioned by the decomposition of the H^S by the 
sdd. When such is the case, the gas has to be passed through the solu- 
tion for some time before its characteristic odour will be imparted to the 
liquid, showing that a sufficient quantity has been added. HClOs and firee 
CI deoompote H^ in the same way as HNO^ 
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sufficient amount of amnionic Bait will be formed on the addi- 
tion of the NH4HO. 

383. When much CrjOg is present, a small quantiiy will fre- 
qnentlj dissolve in the JS^H^HO, and will impart to the fluid a 
puce-red tint. When this occurs, it is difficult to remove the 
last traces of Gr from the solution. If warming the solution 
fail, it is better to disregard it ; for if the solution were evapo- 
rated to effect the object, a greater or less quantity of the 
oxides of Mn, Ni, and Go, if they were present, would be pre- 
cipitated. 

384. The precipitate produced by NH^HO may consist, in 
addition to the members of the fourth group, of the following 
salts: — Al, Or"') Fe, Mn, Ba, Sr, Ga, and Mg, in combina- 
tion with PO4; and Ba, Sr, and Ga, in combination with 
G2O4. When the student looks for acids as well as bases^ 
he must examine the precipitate produced by NH4HO, aocoid- 
ing to Table V, or pars. 191, 197, or 198. Ba, Sr, and Ca, 
in combination with E and BO3, may also be precipitated by 
JS'H^HO in minute quantities ; but as a sufficient quantity of the 
bases will always remain in solution, and be precipitated as 
members of the 2nd group, and as the acids will be found in the 
examination for acids, we have not included these salts in 
the table. 

385. Precautions to he observed in examining for the Third 
Group. — If GrOg and Ba are both present in solution, a sub* 
stance insoluble in acids is sometimes formed on dissolving the 
precipitate produced by NH4HO, or that produced by (NH^gS; 
the insoluble substance is BaS04. A sulphur acid appears to 
be formed when GrOg is reduced by H^S, which becomes con- 
verted into SO4 after some time. 

386. The precipitate produced by (NH4)2S is very difficult 
to filter ; the filtrate will frequently come through the filter 
turbid for some time ; there is no remedy for this but to pass 
it through the filter until it is perfectly clear. The student must 
not mistake between a turbid JUtrtUe and one which lAperfectig 
clear but coloured. A filter can only remove what is held in 
suspension by a liquid, as in the first case ; it cannot remove 
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what is dissolved, as in the second case ; when the filtrate is 
coloured, consult the next par. The precipitate must be care- 
folly washed with water containing a little (NH4)3S, in order 
to prevent the precipitated sulphides from oxidizing. If the 
wash- water comes through of a deep-brown colour, it must be 
treated as directed in the next par. 

387. If the filtrate from the (NH4)2S precipitate be of a very 
dark-brown colour, it is occasioned by the presence of Ni, the 
sulphide of that metal being slightly soluble in (N 114)28. "When 
a oonsiderable portion of this substance has passed into solu- 
tion, the filtrate, and likewise the wash-water if it is dark 
coloured, must be evaporated until the excess of (NH4)2S is 
expelled ; the. solution is then acidified with dilute HCl, and 
the black precipitate which separates on the addition of the acid 
collected upon a filter, and examined with that previously 
obtained. If Cd has not been completely precipitated by HjS, 
the precipitate by (l^K^^ may be yellow in colour from the 
presence of CdS. 

888. Precautions to he observed in examining for the first divi' 
sion of the Second Group. — After the addition of the (1^K^2^^»» 
the solution should be heated gently, but not boiled, since the 
NH4CI might then decompose and dissolve some of the preci- 
pitated carbonates. 

389. Although (NH4)2C03 does not precipitate completely 
Ba, Sr, and Ca from their solutions, especially when the quan- 
titj of ammonic salts present is considerable, it is suf&ciently 
exact for all ordinary qualitative purposes. " The separation 
is never perfect, owing to the solvent action which ammonic 
salts exercise, more especially upon BaCOg and CaCOg ; in- 
deed, minute traces of Ba and Ca can rarely be precipitated in 
this manner. Ba is separated the most completely by H3SO4 
or a sulphate ; Ca by (NH4)2C204, in presence of NH4HO 
and some NH4CI ; Sr same manner as Ca, or by KH4HO and 
(NH4)2C03 in presence of NH4CL" 

390. Precautions to he observed in examining for the second 
division of the Second Cfroup, — ^If the solution has become very 
dilate during the course of the analysis, it will render the 



! 
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detection of the Mg more certain, if, before adding the 
Na2HP04, the solution is concentrated. In any case, time 
must be allowed for the formation of the precipitate, the so- 
lution must be quite cold when the reagent is added, and after 
the addition of the reagent the solution must be frequently 
shaken ; as MgNK4P04 is more insoluble in water containing 
NH4HO than in pure water, it is necessary to have NH4HO 
in excess. 

891. Frequently a flocculent precipitate is obtained on the 
addition of Na2HP04, which is not due to the presence of 
Mg ; Blozam states that it is aluminic phosphate, but I have 
found that ifc is sometimes due to calcic phosphate arising from 
the lime in the filter-paper. 

892. Answers to the following exercises must be written 
out. 

SXEBCISES. 

135. What are the characters of the solutions of salts of 
Mn, Cu, Pb, Fe", and Fe'" ? 

186. What are the characteristic reactions by which yon 
would distinguish, by the blowpipe, ores of lead, bismuth, zinc, 
and antimony P 

187. Express by means of equations the action of HNO3 of 
different strengths on Zn, Fe, Cu, Ag, Sn, and Hg respectively ; 
also the action of n2S04 and HCl on these metals. 

188. Separate, Ist, into groups, and, 2ndly, from each other, 
the following substances : — Cu,Mn, Ba,Al, Cd, NH4,Zn, K, 
and Ca ; confirm the presence of each by means of a character- 
istic reagent. 

189. Classify the following metals into those which (a) 
decompose water in the cold, (h) at the boiling temperature, 
(c) at a red heat, and (d) not at all : 

Pt, K, Zn, Mg, Cu, Mn, Al, Ag, Fe. 
140. A solution acid to test-paper gives an orange precipi- 
tate by the action of H^S : what substances must be absent, 
what may the precipitate contain, and how would you examine 
itP 
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141. Classify the following oxides into those which (a) are 
reduced to the metallic state bj heat alone, (6) are not reduced 
by heat alone, (c) are not reduced bj charcoal alone, (d) are 
reduced by charcoal, (e) are reduced by H, (/) are not reduced 
by H, ( ff) are reduced by CO : 

BLjOg, PbOj, FegOg, KjO, AlgOj, AsjOj, MnO, MgO, 
AU2O3, FeO, SnOg, BaO, CoO. 

142. Do the sulphides of the 5th group experience any 
change when dissolved in a solution of KEO or NaHO P 



ACIDS. 

393. The acids may be divided into two classes, the moB- 
GA!ac and the OBGAiac. All the organic acids contain carbon 
as a constituent, and they and their salts are decomposed by 
beat, the metals of the salts being left, when they are the 
alkaline or alkaline earth metals, in the state of carbonates ; the 
decomposition of the organic acids or their salts by heat is also 
attended in the majority of cases with the separation of 
carbon. 

3d4. Acids, both organic and inorganic, do not admit of that 
accurate classification into groups which is the case with bases, 
many of them being members of more than one group. 

IKOBGAKIO AOIDS.* 

395. The special properties of each acid are first described ; 
then their division into groups, with a description of the pro* 
perties of each group of acids ; and finally the processes to be 
followed in preparing the solutions for the examination of the 
inorganic acids, and the methods to be pursued in the ex- 
amination. 

396. The student must make the experiments given under 
the head of each acid, and then test the behaviour of the acids 
with the group reagents ; after he has made these experiments 

* Oxalic acid, althongh an organic acid, has, on account of itB freqnent 
occurrence, been treated along with the inorganic acids. 
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he passes over the organic acids and proceeds to the exanMUh 
Hon of liquids. 



BEHATIOUE OF THE ACIDS Ain> THEIB BADIOALS T?ITH 

BBAaEKTS. 

Ghbomic Aced, H2Cr04. 

Solution for the reactions, K2Cr04 in water. 

897. This acid has not been obtained in the solid state ; it 
is supposed to exist in solution. Chboicic anhydbibe (CrO^) 
is a crystalline scarlet-coloured solid, which deKquesces rapidly 
when exposed to the air ; its solution possesses a deep reddish- 
brown tint. CrOj may be obtained by adding undiluted H2SO4 
to a concentrated solution of K^CrgO^. CrOg melts at 190° C. ; 
at higher temperatures it is decomposed into GrgO^ and O. 

398. There are normal, acid ajii basic chromates. The normal 
salts of the alkalies, of Ca, Sr, Mg, Ni, Zn, and Cu, are 
soluble in water; the normal salts of the other metals are 
insoluble in HgO, but they are nearly all soluble in HNO^; 
all the acid chromates are soluble in water. There are two 
add chromates of potash, viz. the bichromate K^CrO^, CrO, 
or KgCrgOy, and the terchromate K2Cr04, 2Cr03 or KjOgOi,^ 
The normal chromates of the alkalies and alkaline earths aie 
yellow, the bichromates are red. The chromates of the heavy 
metals are bright yellow, red, or broion ; the aqueous solutions 
of the soluble salts are the same colour as the salts themselves ; 
the yellow of the solution of a normal chromate changes, on 
the addition of an acid, to red, owing to the formation of an 
add chromate. The solution of the normal chromates of the 
alkalies are alkaline, and the bichromates are acid, to test-, 
paper. Alkaline chromates maybe prepared from insoluble 
chromates by fusing the latter in conjunction with alkaline 
carbonates or nitrates. 

399. The normal alkaline chromates are not decomposed 
even at a full red heat. The normal chromates of the weaker 
bases are decomposed by heat, the CrOg being decomposed 
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into Cr203 and ; the acid chromates of the alkalies are decom- 
posed bj heat, a mixture of nonnal chromate and Cr203 being 
left, and O given off. All the chromates are decomposed on 
being heated with undiluted n2S04; chromic sulphate and 
another sulphate being formed and given off, thus : 

2K2Cr04 + 6H2SO4 = Cr23S04 + 2K2SO4 
+ 6H2O + O3 

Thej are also decomposed on being heated with HCl, chromic 
chloride and another chloride being formed and CI evolved, 
thus: 

2K2Cr04 + leitCl = CrgClg + 4KC1 + 8H2O + SClg 

CrOg and the chromates are also decomposed by HjS, Cr303 
and H2O being formed and S set free ;_theyjare reduceid by 
SO2, and also on being heated with HjT, H2O, and by many 
other substances ; on account of the facility with which Cr03 
is reduced to Cr203, it possesses considerable oxidizing power. 
All these reactions are characterised by the change of colour of 
the solution from a red or yellow to green. As HjS converts 
CrOj into Cr203, we always 'obtain the CrOg in the form of 
CrgOj in testing for the bases. 

400. If a very dilute acid solution of hydric peroxide (HjOg)* 
is covered with a layer of ether, and a fluid containing chromic 
acid is added, the solution of H2O2 acquires a fine blue colour. 
By inverting the test-tube closed with the thumb, repeatedly, 
without much shaking, the solution becomes colourless, whilst 
the ether^cquires a blue colour. The latter reaction is par- 
ticularly characteristic. One part of potassic chromate in 
^,000 parts of water suf&ces to produce it distinctly ; the 
presence of vanadic acid materially impairs the delicacy of the 

* Solution of H3O3 may be easily prepared by triturating a fragment of 
littic peroxide (BaOj), about the size of a pea, with some water, and then 
adding a little dilute HCl. The solution keeps a long time without 
roffering decomposition. In default of BaO^, impure ISajd^ ™^y ^ vl^^ 
instead, which is obtained by heating a fragment of Na in a small porcelain 
dish Qutil it takes fire, and letting it bum. 
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test. After some time reduction of the CrOg to Crfi^ takes place, 
and at the same time decoloration of the ether. — Fretenius. 

SuLPHUEio Acid, HgSO^. 

Solution for the reactions, Na2S04 in water. 

401. H2SO4 is a heavy colourless fluid, of an oilj appearance, 
which possesses a strong affinity for HjO, producing when mixed 
with it a great degree of heat. Its affinity for HgO is so great, 
that it decomposes organic substances when placed in contact 
with them, removing their H and O, whilst the C is left behind 
as a black coaly mass, a portion of which dissolves in the acid and 
communicates to it a brown tint. If heat is applied, the C is 
oxidized at the expense of the acid, COj and SO2 being formed ; 
these facts may be illustrated by pouring some strong acid upon 
white sugar. H2SO4, at temperatures below its boiling-point 
(327° C), displaces all other acids from their combinations with 
bases, but above that temperature it is itself displaced by the 
non-volatile acids. Sulphitrio aithtdbide (SO3} is a white 
solid, similar in appearance to asbestos. It evaporates and 
emits dense fumes on exposure to air. Its affinity for H^O is 
so great, that it hisses like red-hot iron when brought in contact 
with it. 

402. As H2SO4 is bibasic, it forms with monatomic metals 
two classes of salts, viz. neutral salts, M2SO4, and acid salts, 
MHSO4. The solutions of the neutral sulphates of the alka- 
lies, of Ca, Mg, Mn, and Ag are neutral to test-paper; the 
neutral sulphates of the other bases and the acid sulphates of 
the alkalies are acid to test-paper. BaS04, PbS04 are insoluble, 
SrS04, CatS04 are nearly insoluble, all the other sidphatea are 
soluble, in water. Neither PbS04 nor the sulphates of the 
metals of the alkalies and alkaline earths are decomposed when 
heated to redness, except Mg;S04, which loses its acid par- 
tially. The sulphates of Zn, Cd, Ni, Co, Cu, and Ag require 
an intense heat to decompose them ; but the other sulphates 
part with their acid without difficulty when strongly ignited 
All the sulphates, on being mixed with charcoai and heated, 
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are decomposed ; tbe sulphates of the metals of the alicalies and 
alkaline earths, and lead are reduced to sulphides. The other 
sulphates evolve SOj, which may be detected by the smell, and 
bj its bleaching moist Brazil-wood paper. 

403. Sulphates in dilute solutions containing organic matter 
are gradually converted into sulphides. Water containing a 
sulphate may therefore, after it has been kept a long time in a 
bottle or any closed vessel, be found to contain HjS, although 
originally it was perfectly free from it. 

401. BaS04 is distinguished from all other baric salts, but 
baric selenate and baric fluosilicate, by its insolubility in diltUe 
acids. Any soluble barie salt is therefore the best and most 
delicate test for H2SO4, whether free or combined, the solu- 
tion being acidified with dilute HCl or dilute HNO3 before 
adding the baric salt. 

405. Insoluble sulphates are completely decomposed by 
fusion with alkaline carbonates, an alkaline sulphate being 
produced along with a oabbonatk or an oxide of the other 

U£TAL. 

406. When a sulphate, mixed with C and Na2C03, is fused 
upon a charcoal support by the inner blowpipe flame, Na2S is 
produced. If the fused mass, moistened with water, be placed 
upon a piece of silver, a brown stain of Ag^S will be formed. 

407. " To detect free H28O4 in presence of a sulphate, the 
fluid under examination is mixed with a very little cane-sugar, 
and the mixture evaporated to dryness in a porcelain dish at 
100° C, If free H2SO4 was present a black residue remains, 
or, in the case of most minute quantities, a blackish-green 
residue. Other acids do not decompose cane-sugar in this 
way." 



SuLPHrBous Acid, H2SO3. 

408. This acid is formed when SOg is passed into water ; it attracts 
oxygen from the air, and becomes converted into H3SO4. Snlphurons 
anhydride (SOj) is a colourless gas. The acid and the anhydride have 
the odour of burning sulphur; they act m powerful reducing agents; they 
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redden litmus paper and blanch Brazil-wood paper. The solphitei are 
deoompoaed by nearly all acids, save carbonic and boradc adds, with the 
liberation of sulpharous acid. 

409. BaClj and CaCl, produce white precipitates in solutions of the 
sulphites soluble in HCl. 

410. AgNOj produces a white precipitate in solutions of sulphites of 
Ag2S0jp which decomposes on the application of heat, becoming black : 
AgjSOs + H,0 « H28O4 + Ag^ 

411. The smallest trace of SOg in a gaseous mixture or of free HjSOg may 
be detected by means of strips of paper steeped in starch-paste, to which 
a small quantity of iodic acid or potassic iodate has been added. The 
iodic acid is reduced, and the iodine set free, which forms with the starch 
the well-known blue compound. 

412. Sulphites, when mixed with HCl and SnCl], produce a yellowish 
precipitate, SnS,-; sulphites treated with Zn and HCl evolve H3S. 

418. H2S produces in solutions of H^SO, a white precipitate of S, whilst 
in solution there remains pentathionic acid (HsS^Og). 

Htpobtjlphtjboub ok Thiosflphtjeic Acid, HgSgOj. 

414. This acid is scarcely known in its free state ; it is generally con- 
sidered to be almost immediately resolved into H^SOj and S ; but, according 
to Hose, it is comparatively stable in dilute solutions. 

415. Solutions of hyposulphites give with mercuric, plumbic, and 
argetUie salts white precipitates, which speedily become yellow, brown, and 
black. 

416. Hyposulphites treated with HCl give off SO, and S, which in this 
case is yellow, not white. When the hyposulphites are treated with iodine 
an iodide and a tetrathionate are formed: 2BaSs08 4- I, » Bal, -^ 
BaS40g. These two reactions distinguish HjSjOg from H^SOs. 

BoBACic Acid ob Obthobobacic Acid, H3BO3. 

Solution ofhoraXf 2NaB02,B203, in water. 

417. This acid is best obtained on the small scale by adding 
to a boiling concentrated solution of borax concentrated HjSO^ 
or HCl until the liquid strongly reddens litmus ; on cooling, 
the greater part of the acid separates from the solution in 
pearly looldng scales, and on evaporating the mother-liquor 
another crop is obtained. The crystals retain a portion of the 
HCl or H2SO4; from the former they are freed by gentle heat- 
ing and recrystallization, but to free them from the latter add 
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thej must be fused in a platinum crucible, and the fused mass 
crystallized. H3BO3 is sparingly soluble in cold water, but is 
dissolved by three times its weight of boiling water ; its aqueous 
solution turns blue litmus-paper, not bright red, like other acids, 
but of a claret colour, and if the solution is allowed to evapo- 
rate on turmeric paper it turns the paper brown like the 
alkalies. It is soluble in alcohol, and the solution bums with 
a beautiful green-edged flame ; this green colour is not pro- 
duced if the acid is in combination with a base. On evapo- 
rating an alcoholic or aqueous solution of the acid a portion of 
it volatilizes with the vapour of the liquid, although it is not 
itself volatilized by heat. It decomposes solutions of the car- 
bonates in the cold, but a brisk current of CO^ or H2S passed 
through a concentrated solution will cause a separation of 
boradc acid in crystals. At a temperature of 100° C. it is con- 
verted into meta- or monobasic boracic acid, HBO^, thus — 

H3BO3 = HBO3 + HjO 

At a red heat it is converted into horaeie anhtfdrate, BjO^, 
which is a brittle glassy solid ; it volatilizes very slowly, even on 
intense ignition ; at high temperatures it expels from salts all 
anhydrides more volatile than itself. It dissolves readily in 
water forming £[3603. 

418. H3BO3 is met with in its free state in many volcanic dis- 
tricts, especially in Tuscany, where it issues from the earth 
with the vapour of water. It is obtained in the form of crude 
borax, or tincal, from the salt lakes of India, Thibet, <&c. '' The 
borates are chiefly of two classes, namely, orthoborates (such 
as the normal trisodic borate, NagBOg, and the penta-hydro- 
potassic diborate, KH52BO3, and metaborates (such as the 
potassic metaborate, KBO^)." The borates are not decom- 
posed on ignition, they are colourless, and they all, even the 
salts that contain an excess of acid, manifest alkaline reaction 
with test-paper. They are all, with the exception of the alkali 
aolts, almost totally insoluble in \( ater, but they dissolve readily 
in acids and in water containing ammonic salts. 

419. To detect a borate, add to the powdered substance 

12 
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under examination strong H^SO^ and alcohol or loood m^ktha ; 
ignite the mixture subflequentlj. If a borate be present the 
borders of the flame will appear green^ which becomes more 
distinct upon stirring, and the delicacy is further increased bj 
repeatedly extinguishing and rekindling the flame. Copper aalts 
impart the same colour to the flame ; Cu, if present^ ought to 
be precipitated by H^S, before testing for H^BOj. Chlorides 
interfere also with the test;. 

420. If a solution of an alkaline borate is mixed with Hfl 
to slight but distinct acid reaction, and a slip of twrmerie paper 
is half dipped into it, and then dried at 100 C, the dipped half 
shows a peculiar red tint ; this reaction is very delicate. Care 
must be taken not to confound this coloratioQ with the blackiah- 
brown which turmeric paper acquires when moistened with 
strong HCl and dried, nor with the brownish-red which Fe^Cl^ 
imparts to turmeric paper. By moistening turmeric paper 
reddened by H3BO3 with a solution of an alkali, the colour is 
changed to bluish-blaek or greenish-black ; the addition of a 
little HCl restores the brownish-red colour. — FreaeniuM. 

421. To detect the boracic oxide, reduce the substance to be 
examined for it to a veiy fine powder, and then mix thoroughly 
with it fire parts of KHSO4 and one part CaFj, and foae the 
mass by the blowpipe flame in the loop of the platinum wire ; 
boric fluoride, BF^ escapes and tinges the flame green for a few 
seconds. 

PuosPHOsio Aoin on Oethophosphobic Acid, H^PO^. 

Solution of common sodic phogphaie^ Na2HP04, in water. 

422. H3PO4 may be obtained in the form of colourlesa 
crystals; they deliquesce rapidly in the air. The aqueous 
solution of H3PO4 has a strong acid reaction, and at a boiling 
heat expels most volatile adds from their combinationa with 
bases. The aqueous solution may be heated to lOO" C. without 
altering the character of the acid, but at 215° it is converted 
into the pyro-phosphoric acid, H4P2O7, while above this tem- 
perature metaphosphoric acid, HPOg, begins to beformed« and, 
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after the application of a full red heat, oonstitates the entire 
reddae. Phobphosio ahhtdbidx, P^O^ ia obtained bj binn- 
ing P in dry O or diy air ; it appears under the form of white 
flakes, which rapidly absorb moisture firom the air. It is a 
powerful dehydrating agent. It forms, by contact with water, 
HPO,, but if boiled vrith the water H3PO4. After the P^O^ 
has once been dissolyed it cannot be oouTerfced back into the 
anhydride by heat. 

423. The following are the general formul» for the phos- 
phates: — ^M'H2^04; this class is frequently designated acid 
phosphates. M 2HPO4. M"HP04 ; these are frequently termed 
neutral phosphates. Mj,P04, M'^MPO^, M^'PO^, M^'gCPOJa, 
these are termed tribasic phosphates, there are in addition basic 
phosphates. Na^PO^ and K0PO4 are soluble in water, their 
solutions are alkaline, and they are decomposed by CO,, thus : — 
HPO4 + CO2 + H^O = Na2HP04 + NaHCO,. Na2HP04 
and £^P04 are soluble in water; their solutions have a 
feebly alkaline reaction. Nan2P04, KH2PO4 are soluble in 
water; their solutions are strongly add. The phosphates, 
with the exception of the alkaline ones, are nearly all insoluble 
in water. 

424. MgS04, or any toluble magnene soU^ produces in 
aqueous solutions of the phosphates, if concentrated, a white 
precipitate of MgHP04. A salt much more insoluble in 
water is produced by adding NH4CI, Nn4H0, and then 
^^^^4 ; the precipitate produced in this case is MgNH4P04, 
which is slightly soluble in pure water, but almost insoluble 
in water containing NH4HO. In dilute solutions it only 
appears after much agitation and the lapee of wme time ; agita- 
tion promotes its formation in all cases. This test can only 
be applied when the phosphatee are soluble in ammonie 
BolutiooB. 

425. Plumbic acetate produces a white precipitate of 
^b3(P04)3 soluble in HNO3. If this precipitate, after being 
<Ued, is heated in the outer flame of the blowpipe, it becomes 

I distinctly orystaJUne on cooling. This test is yery character^ 
istic, not only on account of the crystalline structure of the 
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bead, but also from the drcumstance tbat tbe Pb3(P04)2 is the 
only lead salt which is not reduced to the metallic state when 
heated in the inner blowpipe flame. It is evident that, to 
render this test of any value, the Pb3(P04)2 must be freed 
thoroughly, by washing, from all lead acetate. 

426. AgNO^ throws down from solutions of phosphates 
containing one, two, or three atoms of fixed base, a light 
yellow precipitate of Ag3P04, readily soluble in HNOj, and in 
NH4HO. If the solution contained a phosphate containing 
three atoms of fixed base, after the precipitation the solution 
will be neutral to test-paper, but acid if the phosphate contains 
one or two atoms of fixed base, on account of the ILN^Og that 
will be set free. 

427. K to an acid solution of a phosphate containing the 
least possible excess of HCl or HNO3 a tolerably large amount 
of Bodic acetate is added, and then a drop of Fe2ClQ, tk^fell^mnsh- 
white gelatinous precipitate of Fe''T04 will be formed. An 
excess of Fe2G]0 must be avoided, as ferric acetate would 
thereby be formed, in which Fe''T04 is not insoluble. By this 
reaction the acid can be detected when combined with the 
alkaline earths, but it can only be held to be decisive in the 
absence of H3 A8O4, as this acid forms a similar precipitate. To 
effect the complete separation of the acid from the alkaline 
earths, Fe^O^ is added until the solution begins to be of a 
reddish colour ; it is then boiled, when the whole of the Fe is 
precipitated, partly as phosphate, partly as basic acetate. It 
must be filtered whilst hot ; the filtrate contains the alkaline 
earths as chlorides. To detect by means of this reaction the 
acid in the presence of much Fe^Og, the HCl solution must be 
boiled with NaHSOg until the Fe^Clg is reduced to FeCl^, which 
is indicated by the decoloration of the solution ; add then 
^a^COg until the fluid is nearly neutral, afterwards sodic acetate, 
and finally one drop of FcjCJg. The reason for this proceeding 
is that Fe"2A does not dissolve Fe'"P04. 

428. The solution of ammonic molybdate in IINO3 produces, 
immediately, in neutral or acid solutions of phosphates in the 
cold, a finely divided tfellaw precipitate, unless the quantity of 
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phosphate is very minute ; in that case the precipitate appears 
only after some hours, and the solution ought to be gently 
warmed. The precipitate is soluble in HjjP04 and other acids, 
but it is rendered insoluble in them by an excess of the reagent ; 
an excess of the fluid containing the phosphates must, there« 
fore, be avoided. By this method PO4 can be separated from 
the metals of the alkaline earths, from Fe, Al, and other metals 
whose phosphates are insoluble in water. Presence of H^T 
and other organic substances, and of large quantities of HCl, 
interferes with the precipitation. The precipitate is soluble in 
iN'H^HO, and may, after it has been washed with the molybdic 
solution, be dissolved in it, and the PO4 precipitated from the 
solution by adding NH4CI and MgS04. H3ASO4 gives no pre- 
cipitate in the cold with the molybdic solution, but a yellow 
precipitate is formed if the solution be heated. H4Si04 gives 
no reaction in the cold with molybdic reagents, and only a 
yellow coloration, but no precipitate, after heating the solu- 
tion. The production of a mere yellow coloration is, by the 
molybdic reagent, therefore, no indication of phosphoric acid. 

429. The properties of the phosphates of Fe, Cr, Al, and of 
metals of the alkaline earths, and other methods fdt detecting 
PO4, are given in pars. 183, 184, 185, 186, 187, and 188. 

430. As arsenic acid gives precipitates with MgS04, with 
ferric salts and with molybdic acid similar to those given by 
phosphoric acid, the arsenic acid, when present, must be 
removed, either by reducing it by SOj or by HgS. 

431. P may easily be detected in its compounds, even when 
they are mixed with large quantities of other substances, as 
follows : 

(a) The sample, having been ignited, is rubbed fine on the 
porcelain plate (see fig. 3 in Plate), and is then introduced 
into a small glass tube of the thickness of a straw ; into this 
tube, which is closed at the bottom, a piece of magnesium wire, 
about one fourth of an inch in length, is placed so that it is 
covered by the powder. On heating the tube, magnesic phos* 
phide is formed with incandescence. The black contents of the 
tube powdered on the plate give, on moistening with H^O, the 
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highly characteristic smell of n3F. A piece of Ns can be 
equally well used if the Mg wire cannot be procured. 

(h) If it has been ascertained that the sample does not yield 
any film on porcelain in the upper oxidizing flame, the phos- 
phates may be recognised by heating on platinum with borax 
and a thin piece of iron wire in the hottest part of the reducing 
flame, when a bright molten bead of iron phosphide is obtained, 
which can be extracted with the magnetized knife on crushing 
the bead under paper. — Bunsen, 



Ptbophosphoeic Acid, H4P2O7. 

432. This acid may be obtained by exposing orthophosphorie acid to a 
temperature of 215^ C. ; it appears under the form of a soft glass; it is con- 
verted into orthophosphorie acid by boiling it in water, and it is conTerted 
into metaphosphorio acid when heated to redness. The acid is also con- 
verted into orthophosphorie acid on boiling solutions of its salts with 
strong acids. 

488. The free acid does not gire precipitates with BaCl^ and AgNO^but 
its salts give white precipitates with them. 

434. White of egg is not precipitated by a solution of the acid, nor by 
solutions of its salts mixed with acetic acid. Ammonic molybdate, with 
addition of NH4HO, fails to produce a precipitate. 



Metafhosfhobio Acib, HPO3. 

485. This add is obtained by acting on Vfi^ with cold water, or by 
heating H4P3O7 or HSPO4 to redness ; it forms a transparent, colourleo, 
glassy, uncrystallizable mass. 

436. The solution of the acid gives precipitates with white of egg, witli 
AgNOs and BaCl,. It gives no precipitate or coloration with ammonic 
molybdate. 

437. The metaphosphates do not coagulate the albumen of white of egg 
unless acetic acid be added, which liberates HPOg. This is its most 
characteristic test. 

488. This acid is converted slowly at ordinary temperatures, quickly at 
the boiling heat, into HSPO4. 
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Cabbostto Acn>, HgCOg. 

Solution far the reactiofu, "NaJCO^ tfi water. 

439. H2CO3 is supposed to be formed when CO, is passed 
into HjOy but it has never been obtained ; if it exists it decom- 
poses when its solution is evaporated. Oabboitic anhydride, 
CO], exists at the common temperature and pressure as a colour- 
less, inodorous, and non-inflammable gas. Being heavier than 
the atmosphere in the proportion of 1*5 to 1, it can be 
decanted from one vessel to another like a liquid. It reddens 
blue litmus paper previously moistened with water, which after 
a time returns to its original colour, owing to the CO3 having 
volatilized. It is soluble in cold water, but when the solution 
is heated it escapes. 

440. As H2CO3 is bibasic, it forms with the monatomic metals 
two claases of salts, viz. neutral or normal salts, M'^CO^, and 
acid salts, M'HCOg ; the neutral and acid salts of the metals of 
the alkalies are alkaline to test-paper. The neutral alkaline 
carbonates are the only neutral salts of this acid which are 
soluble in water. The carbonates are decomposed by all 
free acids soluble in water (HCy and H2B excepted), vrith evo- 
lution of CO3. 

441. fib detect CO2, add to the solution or solid substance 
under examination HCl, and warm the solution, if sufficient 
gas for detection cannot be procured without. Should any gas 
be evolved, allow it to accumulate by placing the thumb on the 
mouth of the test-tube, and afterwards decant it (taking care 
not to allow any of the liquid to. pass over along with it) into 
another test-tube half filled vrith lime-uuiter. A white preci- 
pitate of CaCOs will be produced if GO] is present. 

442. When the solution under examination contains only a 
minute quantity of a carbonate, it is sometimes a matter of 
difficulty, especially to young students, to decant the CO] into 
the test-tube containing the lime-water ; this is especially the 
case if the solution contains NsgHFO^, as CO] is very soluble 
in a solution of that salt. In such cases it would be better first 
to precipitate the CO3 in conjunction with CaO or BaO, by 
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adding to the solution under examination a solution of CaCl^ or 
BaClg, collecting the precipitate produced upon a filter, and 
afber all the fluid has filtered off to transfer the precipitate 
again to the test-tube, moisten with water, then add HCl, and 
if any effervescence takes place to collect the gas in lime-water 
in the manner just described (441). 

443. CaCl2 and BaClj produce in solutions of the neutral 
alkaline carbonates an immediate precipitate of CaCO, or of 
BaCOs; but these chlorides in dilute solutions of the acid 
carbonates (M'HCOj) form precipitates only after ^^d/Zi/ion; in 
solutions of the free acid these reagents produce no precipitates. 

444. Many of the insoluble carbonates dissolve in water 
containing CO^, from which solutions they are precipitat'Cd 
on boiling, because the COj is expelled. It is in this 
state that most of the Ca and Mg in spring and river water 
exists. The incrustations which are formed in the vessels in 
which such waters are boiled are due to the precipitation of 
these carbonates occasioned by the expulsion of the COj. The 
CO2 in waters is best detected by adding to them lime-water; 
by this means not only is the CaCO, which is formed precipi- 
tated, but also that which pre-existed in the solution. This 
process is employed on the large scale for softening hard 
waters (waters containing in solution calcic and magnesic 
salts). It is called, after the inventor, Clarke's process. 

445. All the carbonates, with the exception of those of the 
alkalies, lose their acid upon ignition, the metal being left either 
in an oxidized or uncombined state, according to its greater or 
less affinity for oxygen. 

446. The foUowinff precautions moft be attended to in testing 
for this acid: — When the substance is in the solid state it 
should be reduced to fine powder, and a little water should 
be added prior to the acid, to displace the air in its pores, 
otherwise an apparent effervescence will ensue from the ex- 
pulsion of air. In the case of alkaline carbonates the decom- 
posing acid must be added until the solution reddens blae 
litmus paper — that is, until the acid is in excess; otherwise 
the carbonic acid set free may combine with some of the un- 
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decomposed carbonate, forming with it an acid carbonate, no 
efferyescence coo sequent] j taking place. No decomposition 
takes place on the addition of strong HNO;, to BaCOj^ espe- 
cially the native carbonate, because Ba(N03)2 is insoluble in 
the strong acid. Water must therefore be added, as well as the 
acid, for the decomposition to be effected in this and many 
other cases. 

Oxalic Acid, H2C2O4 = H^O. 

Solution for the reactions, (NH4)20 in water. 

447. HjO crystallizes from its aqueous solutions in four- 
sided prisms, which contain 2 ats. of water. The acid is very 
soluble in water and alcohol; its solution is very acid and • 
poisonous. The crystallized acid melts at about 98° C. in its 
water of crystallization. The dry acid sublimes at 165° in 
slender white needles ; part of it is, however, decomposed, and 
larger portions of it at an increased temperature, into COj 
and formic acid, HCHO2, the latter being resolved into car- 
bonic oxide, CO, and H^O. Heated with an excess of alkali, 

a carbonate is formed and H evolved. 01 does not act on dry 
H2C2O4, but in presence of moisture it quickly decomposes it, 
thus :— H2C2O4 + CLj = 2OO2 + 2HCL KjO may be crystal- 
lized from hot HNO3, ^^^ ^7 long-continued boiling in HNO3 
it is slowly oxidized, CO2 and H2O being formed. Oxalic 
AiTHYDBiDE, C^Og, has uot been obtained. When H2C2O4 is 
dehydrated by concentrated H2SO4, H3FO4, or other dehy- 
drating substances, the CjO^ splits up at the same time into 
CO2 and CO. 

448. H2C2O4, like other bibasic acids, forms, with the 
monatomic metals, two classes of salts, viz. neutral ealU, 
M 2C2O4, and aeid salts, M'HC204 ; but it also forms a third 
group of super-acid salts, KH32C2O4. The oxalates of the 
alkaline metals are soluble in water ; the rest are almost all 
insoluble in water, but soluble in dilute acids. All the 
oxalates are decomposed by heat. The oxalates of the more 
easily reducible metals, as Ag, Hg, Cu, giye off CO2, the metal 
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being left in the metallic state ; the oxalates of the len Te* 
ducible metals, whose carbonates are decomposed bj heat, 
as Zn, M^, &c., give off COj and CO, the metal being left as 
oxide. The oxalates of the metals whose carbonates are not 
decomposed by heat, as K and Na, or not easOy decomposed, 
as Ba, Sr, and Ca» give off CO, the metal being left as car- 
bonate. 

449. The aeid or oxalates, heated with concentrated HjSO^, 
give off, with effervescence, CO2 and CO, and if a light be 
applied to these gases as they issue from the mouth of the test- 
tube the CO will bum with a blue flame. 

450. The acid or oxahUes, on being mixed with some finely 
powdered MnOj (which must be free from carbonates), a little 
H^O added, and a few drops of concentrated H2SO4, consider- 
able effervescence ensues, owing to the CO3 which is formed 
thus :— MnOg + K2C2O4 + 2H2SO4 = Mn^SO^ + K^SO^ + 
2H2O + 2CO2. This reaction is employed for estimating the 
amount of Mn02 ^ manganese ore (par. 127). 

451. The soluble calcic salts and lime-water produce, even 
in highly dilute solutions of oxalates, a white precipitate of CaO, 
which is insoluble in acetic acid. 

Silicic Acid ob Obthosilicio Acib, H4Si04. 

452. H4Si04 may be obtained by passing silicic fluoride into 
water : 

3SiF4 + 4H2O = H4Si04 + 2H2SIFe; 

it may also be obtained by passing CO2 into a solution of a 
soluble silicate : 

Na4Si04 + 4H2O + 4CO2 = H4Si04 + 4NaHC03; 
or by treating a solution of a soluble silicate with Hd. The 
H4Si04, obtained in decomposing solutions of the alkaline 
silicates with adds, separates from the solutions in the fonn 
of a gelatinous mass, which is nearly insoluble in water and 
acids ; but if a dilute solution of the silicate be poured into a 
considerable excess of HCl the H4Si04 remains in solution, 
but is precipitated on neutralizing the solution with an alkali. 
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If the solution of the H^O^ m pbced in ow of Gn&aa's 
dial jiien, and the vater in the oiitar lowl ii changed e i e i f 
twenty-fonr honn, in four or fixe dajv the a^al^ne chloride 
and the ezoess of HO hare di5a«ed so comp2etelT that the 
liquid in the dialjaer eontaios not even a trace of them, hot ia 
a pure solnticHi of H^O^ eontaining aboat 9 per eendL of die 
acid; the 84dntion maj be concentrated in a iaak vntO it 
contains 14 per eent. df the acid ; thia solution is taat ekae^ 
limpid, colonriesa, and feehlr acid : in a finr daja it 
converted into a solid, transparent, jelij-like minsj 
and gives np water even in closed vessels ; the eoagnladon is 
retarded bj HCl and bj small qoantitiee of KHO or NaHO. 
By evaporathig thia pore aolntion of H^O^at 15 5° C^ in a 
vacanm a transparent, gias^, verj lostrona mam is left, which, 
after drying over H^O^ yields debasic suicic ACTDyHjSiOj; 
in addition to these two there is evidence of other silicie 
acids. SiXTCic A^irHTDSinB, SiO,, is obtained on igniting 
H4Si04 or HjSiOs as a gritty white powder ; it occors in 
nature in two forms, the crystalline and amorphoos; rock 
erygtal^ qmariZy awuikfsi (eolonred pnrple by ferric oxide) are 
pure, or nearly pure, erystalliaed SiO,; agmie asod ehalcedomj^ 
consist of a mixture of erystallized and amorphoos SiO^; 
opal consists of the amorphous form with a varying qnantitj 
of water. Silica is the principal epnstitoent of sandstones ; it 
is also one of the constitnents of felspar and of numerous other 
minerals. All the artificial forms of SiO, are amorphoos. 
SiOj, whether natural or artificial, is insoluble in water and 
all acids except HF, and it requires for its fusion a heat as 
intense as that of the oxyhydrogen blowpipe ; at that tempera- 
tare it melts to a transparent glass and is amorphous. H4Si04 
and amorphous SiOj dissolve in hot aqueous solutions of the 
fixed and carbonated alkalies ; but the crystalline SiOj is dis- 
solved by these reagents with far greater difficulty and in much 
lees quantity, aud it is also much more slowly attacked by HF. 
The amorphous and crystallized SiO,, on being fused with 
ftllratiT^^ carbonates, are converted into alkaline silicates, which 
are decomposed by acids, H4Si04 separating. At common 
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temperatures the silicic acids are weak acids, but at a red 
heat they expel H2SO4 and the more volatile acids from their 
salts. 

453. *'The composition of the silicates presents many 
varieties ; some correspond to H4Si04, for example Mg"2Si04 ; 
others, such as NajSiO), correspond to the bibasic acid H^SiO^ 
and there are also the following among other silicates, K^Si^O^ 
Na^SisO;, Na^Si^Og." The alkaline silicates are the only sili- 
cates soluble in water; their solutions are alkaline to test- 
paper, and they are decomposed in solution by all acids ; on 
evaporating their solutions to dryness along with a slight 
excess of HCl or HNO3, and igniting the residue for some little 
time and then treating it with dilute HCl or HNO3, the other 
substances dissolve, whilst the whole of the SiO, remains un- 
dissolved as a whitish gritty powder. On adding NH4CI to a 
concentrated solution of an alkaline silicate, a gelatinous pre- 
cipitate separates. 

454. Some of the silicates insoluble in H^O are dissolved 
with decomposition by HCl or HNO5 ; some that are not de- 
composed by these acids are decomposed by concentrated 
H2SO4. The silicates which are not acted upon by any adds 
but HE are decomposed by fusion with the alkaline carbonates, 
and also with BaH202. 

'455. The silicates decomposable by HCl or HNO3 ought to 
be reduced to the finest powder, and be digested in the add 
for some time at a gentle heat, with constant stirring, when 
the decomposition is effected ; the mixture must be evaporated 
to dryness on the water-bath and the residue heated until acid 
fumes cease to be evolved ; the dry mass is then moistened 
with HCl and heated with water, and then filtered ; the filtrate 
must be examined for the bases and other acids, and the 
insoluble portion for SiOj. 

456. HF and SiOJ mutually decompose each other, gaseous 
SiF4 and HjO being formed ; silicates are converted by HF 
into silico-fluorides ; M^SiF^ and these salts, on being heated 
with H2SO4, are converted into sulphates, HF and SiF4 being 
evolved. The silicates undecomposable by other adds are 
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decomposed by HF, but the fasion process is better suited for 
qualitatiYe purposes. 

457. Silicates not decomposed bj acids must be reduced to tbe 

finest powder, and then intimately mixed with a mixture of 

Na^COj and ILfiO^ and the mixed mass fused in a platinum 

crucible until the evolution of COj ceiues. The crucible^ when 

cold, is put into an evaporating dish containing dilute HCl. 

When the fused mass is detached from the crucible, remove 

the crucible and evaporate the mixture to diyness, and ignite 

just in the same way as the solution in 455 is directed to be 

treated. The fixed alkalies cannot, of course, be sought for in 

that portion which has been fused with the alkaline carbonate ; 

to ascertain whether they are present, another portion of the 

silicate must be fused with BaH202. For this purpose " mix 

one part of the very finely pulverized substance with four 

parts of BaH202 ; expose the mixture for half an hour, in a 

platinum crucible, to strong heat, and then treat the fused or 

agglutinated mass with HGl and water until it is dissolved. 

Precipitate the Ba and all the bases in the silicate, with the 

exception of Mg and the alkalies, with NH^HO and 

(NHJjCOa; filter, evaporate to dryness, ignite, dissolve the 

residue in water, precipitate again with NH4HO and 

(NHJgCOa, filter, evaporate, ignite ;" then test for K and Na 

in the usual way. 

458. "When SiOg or H4Si04 is fused with NagCOg before the 
blowpipe, a transparent colourless bead is formed, the COj 
being expelled. A small quantity of Na^COg ought only to be 
employed, as an opaque bead is produced when it is added 
in excess. 

Htdbofluoeic Acid, HF. 

459. This acid is best obtained by the action of concentrated 
H2SO4 on CaFj, fluor spar. The powdered mineral is gently 
heated with the acid in a retort of lead, and the HF condensed 
in a receiver of the same metal. It is obtained in the form of 
a very volatile liquid, strongly add and corrosive, fuming in the 
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air. It bums the skin like red-hot iron, caufidng a sore which 
is not easily healed. It is distinguished firom all other adds 
by dissolving SiOj and the silicates which are insoluble in the 
other acids ; on this account it cannot be prepared or kept in 
glass vessels. 

460. ^'If a finely pulverized fluoride, no matter whether 
soluble or insoluble, is heated in a platinum crucible with eon- 
centrated 0^2804, the crucible covered with the convex £M*e 
of a watch-glass, coated on that side with bees'-wax, which has 
been removed again in some places by tracing lines in it with 
some pointed instrument,* the hollow of the glass filled with 
water, and the crucible gently heated for the space of half an 
hour or an hour, the exposed lines will, upon the removal of the 
wax, be found etched into the glass. If the quantity of HF 
disengaged by the H^04 is very minute, the etching is often 
invisible upon the removal of the wax ; it will, however, in such 
cases reappear when the plate is breathed upon. This appear* 
ance of the etched lines is owing to- the unequal capacity of 
condensing water which the etched and the untouched parts of 
the plate respectively possess." This method cannot be adopted 
if the substance containing the F is not decomposed by H3SO4, 
or if gilioie acid is present ; the silicic acid must be got rid ol^ 
in the way to be described, before we can discover F. 

461. If nascent HF meet with SiOj, we have seen they 
are mutually decomposed (par. 456). Should the substance 
examined contain, therefore, Si02 as well as F, SiF4, and not 
HF, will be disengaged by the HSSO4. SiF4 in the pure state 
is a colourless gas, which has a suffocating acid smell, and 
which emits fumes in contact with the air ; it reacts with 
water, and forms H4Si04, which is deposited in the gelatinous 
state, and H^SiF^, hydrofluosilicic acid, which remains in solu- 

* The coftting with the wax may be readily effected by heating the 
glass cautiously, putting a bit of wax upon the convex faoe» and spreading 
the fused mass equally over it. The instrument used for tracing the ex- 
posed lines should not be too hard ; a pointed piece of wood answers best 
The removal of the wax coating is effected by heating the glass gently 
and wiping the wax off with a cloth. 
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tion. SiF^ does not attack glass; but the glass becomes 
covered, when damp, with a very adhesive coating of H4Si04, 
which impairs its transparency, owing to the decomposi- 
tion of the HjO and SiE4. IS^iFf^ combines with the me- 
tallic oxides, and fonns with them a class of salts called 
Bilicoflaarides, which are decomposed by excess of alkali, SiO^ 
being precipitated, and an alkaline fluoride remaining in solution. 

462. To detect F in silicated fluorides which are decomposable 
hy BLjS04, boil the substance with concentrated HSSO4 in a 
flaak, retort, or test-tube, to which is attached a bent tube ; 
conduct the evolved SiF4 into a solution of NH4HO ; NH4F 
and SiOg will be formed ; heat, filter, evaporate in a platinum 
crucible to dryness, and examine the residue by the method 
described in 460. If the substance under examination contains 
only a slight trace of F and no other volatile acid, it is better 
to add a very little marble to the substance, so as to ensure 
a continuous slight evolution of gas. When the H2SO4 boils, 
all the SiF4 is given off. 

463. ^ Compounds not decomposable by IL}S04 ™^^ ^^^t 
be fuBed with four parts of Na2C03 and K^COs. The fused 
mass is treated with water, the solution filtered, the filtrate 
concentiated by evaporation, allowed to cool, transferred to a 
platinum or silver vessel, HCl added to feebly acid reaction, 
and the fluid let stand until the COg has escaped. It is then 
supersaturated with NH4HO, heated, filtered into a bottle, 
CaCl^ added to the still hot fluid, the bottle closed, and aUowed 
to stand at rest. If a precipitate (CaF2) separates after some 
time, it is collected on a fllter, dried, and examiued by the 
method described in 460." — S. JRose. 

464. If a fluoride mixed with EHSO4 is heated in a test- 
tube, HF ia disengaged, which is easily detected by the 
etching of the glass. Consult also pars. 679 and 671, 9th h, 

Hydbosulphitbio Aoij) (Sulphuretted Hydrogen^ SLjS). 

465. This acid exists at the common temperature and pres- 
sure as a colourless inflammable gas, possessing a highly 
oflenaive odour resembling that of rotten eggs. It bums with 
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a blue flame, the products of combuBtion being SO2 and HjO. 
It is soluble in water, three volumes of which dissolve one 
volume of the gas ; this solution reddens litmus paper. On 
exposing the gas in a state of solution to the air, it is decom- 
posed, HjO being formed, and S being separated. 

466. The sulphides of the metals of the alkalies and alkaline 
earths are the only metallic sulphides which are soluble in 
water; we have seen that these metals of the alkalies and 
alkaline earths form also sulph-hydrates and poljsulphides, and 
these, as well as the mo^sulphides, are soluble in water, and 
their solutions are also alkaline to test-paper. The sulph- 
hjdrates are distinguished from the sulphides by evolving H^ 
on being decomposed by a metallic salt : — 2EHS + Mn804 = 
K2SO4 + MnS + HyS; and the polysulphides are distinguished 
from the sulphides and sulph-hydrates in that a separation of 
sulphur, as well as an evolution of H2S, attends their decom- 
position by acids. 

467. The colour of the insoluble metallic suphides and their 
behaviour with acids and other reagents have been noticed in 
the basic groups. 

468. The sulphides soluble in water and the sulphides 
which are decomposed by HCl evolve H^S on being treated 
with HCl, which, from its characteristic smell, is easily recog- 
nised. When the quantity is so minute that the smell flEula to 
afford a sufficient proof, it may be detected by holding a piece 
of paper moistened with a solution of any soluble lead bait 
over the mouth of the test-tube, as a brown or black coating 
of PbS will be formed upon the paper. To detect a trace of 
an alkaline sulphide in the presence of a free alkali or alkaline 
carbonate, add to the solution a solution of PbO in NaHO, 
which may be prepared by adding to a solution of PbAj one 
of NaHO until the solution which first forms is redissolved. 

469. Sulphides which are not readily acted on by dilate 
HCl alone are readily acted on and evolve abundance of H^S 
on the addition of a piece of Zn. 

470. When sulphides are dissolved in HNO3 ^^ ^^^^ t^^^* 
H2SO4 is formed along with a separation of S. In the case of 
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sulphides, therefore, which, from their insolubility in HCI, 
must be dissolved in HNO3 or aqua regia, the sulphur is con- 
yerted into H2SO4, and not given off as H^S. 

471. To ascertain whether the S existed in an unoxidized 
state, when H!N^03 or aqua regia has been employed as the 
solvent of the substance under examination, a small portion of 
the original substance, in fine powder, must be fused with a 
little solid KHO or NaHO, in a platinum spoon, by means of 
the blowpipe flame. The fiised mass must then be dissolved 
in a little water and filtered; a bru|ht strip of silver (or 
polished coin) is put into the solution, and the fluid warmed. 
If a sulphide were present, a brownish-black film of Ag2S 
will form upon the metal. This film may be removed after- 
wards by rubbing the metal with leather and CaO. For other 
methods of detecting sulphides, see pars. 671, 7th ; 673, d; 675 
and 678. 

Hybbochlobio Acid, HCl. 

Solution for the reactions, NaCl in water, 

472. This acid is a transparent and colourless gas, of a pun- 
gent, acrid, suffocating smell, and fuming strongly in moist 
air. It is absorbed in large proportion by water, forming the 
common liquid HCl, which is a mere solution of the gas in 
water. With the exception of AgCl and HgCl, all the neutral 
metallic chlorides are soluble in water ; the solutions of the 
chlorides of the metals of the alkalies and alkaline earths and 
of Mn are neutral to test-paper. 

473. When a chloride is heated with MnOg and H2SO4, CI 
is evolved, which may be recognised by its odoub and obeen- 

IBH-TELLOW COLOrB. 

474. When a chloride in the solid state and dry is heated 
with K2Cr04 in the solid state and concentrated H2SO4, a 
brown gas is disengaged, which condenses into a blood-red 
liquid, CHLOBOCHBOMic ACLD, CrOgClg- On the addition of 
NH4HO in excess, the colour changes to a yellow, owing to the 
formation of (NH4)2Cr04 ; upon the addition of an acid, the 

13 
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jellow changes to a reddish-yellow colour, owing to the forma- 
tion of (l^B.^)2CTfij. 

475. If in a bead of NaNH4HP04 on a platinum wire, CuO 
be dissolved in the outer blowpipe flame in sufficient quantity to 
make the mass nearly opaque, a trace of substance containing 
CI added to it while still in fusion, and the bead then exposed 
to the reducing flame, a fine blxte-colotjbsj) flame^ inclining to 
PUBPLE, will be seen encircling it so long as CI is present.-- 
Berzelius. 

476. Free CI may be readily detected in a solution by adding 
some of the fluid to a solution containing a ferrous salt and 
a sulphocyanide ; the solution turns red by reason of the CI 
converting the ferrous into a ferric salt ; it may also be detected 
in the absence of nitrous acid, by adding the solution to one 
of KI and starch paste, when a blue colour will be instantly 
produced. 

H^Bionic Acid, HI. 

Solution for the reaettons^ EH in water, 

4i7T. HI and the iodides resemble in their properties the 
corresponding compounds of CI and Br. HI is gaseous ; it is 
extremely soluble in water, and the solution, which is colour- 
less, resembles in properties that of HCl and UBr ; but it is 
more easily decomposed than the two latter compounda by 
substances which have an affinity for H, and also by those sub- 
stances which have an affinity for the other constituent. The 
colourless solution turns speedily to a reddish-brown when in 
contact with the air, owing to the formation of H^O and the 
liberation of I, which is dissolved by the undecomposed HI. 
HI and the iodides are decomposed by CI and by Br, owing to 
these two elements having a greater affijiity for H and the 
metals. HI, in the gaseous state, may be obtained by placing 
in a small retort 10 parts of KI with 5 of HjO and 20 
or i, then drop in cautiously 1 part of F in small pieces, and 
apply a gentle heat; the following equation explains the 
reaction :— 4KI + 6lj + Pg + 8BLjO = 2K2HPO4 + 



OF THS DTOBOAiriC ACIJ>S. 195 

14HL HI in Bolution is easily prepared by suspenJing I in 
water and passing HjS through the mixture ; HI is formed, 
and S 18 set free. " The iodides, as a rule, are less volatile, 
more insoluble, and more easily decomposed, than the chlorides 
and bromides. The iodides of So, Sb, and As, like the chlo- 
rides and bromides, are decomposed by HjO. The hydrated 
iodides of Mg, Zn, and Al are, like the chlorides and bromides, 
decomposed by heat into metallic oxide and HI. In addition 
to the iodides of Pd, Pt, and Au, Agl, unlike the chloride and 
bromide of Ag, is decomposed at a red heat. All iodides, except 
tliose of the alkali- and alkaline-earth groups, are decomposed 
at a red heat by a current of H. The iodides, with the excep- 
tion of those last mentioned, and those of Pb and Bi, are also 
decomposed by O at a red heat." 

478. HgNOg throws down from solutions of the iodides a 
yellowish-green precipitate of Hgl. 

479. HgClj throws down a red precipitate of Hglj, which 
is soluble in an excess of the HgClj or of KI. 

480. Soluble lead salts precipitate an orange-yellow of Pblj. 

481. Free I forms with starchy even in highly dilute solu- 
tions, a compound of a deep blue colour. If the I is iu a state 
of combination with H or any metal, it is necessary to liberate 
it before applying the starch test ; the blue compound is de- 
colorised at a temperature of 70° or 80° C, but recovers its 
colour as the liquid cools ; it is decomposed by CI, Br, and the 
alkalies. 

482. CI liberates I from its combinations ; if added in excess, 
they combine, forming colourless ICI3. 

483. If iodides are heated with HjSO^ and MnO^, the I 
sublimes in the form of violet-coloured vapours, which arc 
easily recognised; this process id the one followed in the 
manufactory for obtaining the iodine from the kelp liquors. 

484. Palladious chloride, PdCl2* produces even in very dilute 
solutions of HI and of metallic iodides a brownish-black pre- 
cipitate of Pdl2, which is insoluble or nearly so in cold dilute 
HCl and HNO3. PdClj does not precipitate Br from its 
solutions. 
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485. Pure HNO3, free from nitrons acid, decomposes 
HI or iodides only when acting upon them in its concen- 
trated form, particularly when aided by the application of 
heat. But HNOj and peroxide qf mtrogen^ N2O4, decom* 
pose HI and iodides with the greatest &cility even in the 
most dilute solutions. Colourless solutions of iodides, there- 
fore, acquire immediately a brownish-red colour upon the ad- 
dition of some red fuming HNO3, or of a mixture of the 
with concentrated H2SO4, or, better still, upon addition of a 
solution of N2O4 in H28O4, or of nitrite of potash and 
some H2SO4 or HCl. From more concentrated solutions the 
I separates under these circumstances in the form of small 
black plates or scales, whilst nitric oxide gas, NO, and iodine 
yapour escape. 

486. The best method of detecting I in a solution is io 
mix with the liquid a little starch paste, and acidify it with 
HCl. A solution of KNO2* is then to be added, when, if much 
I be present, a dark blue colour will be instantly produced ; 
if a very small quantity only — as, for instance, the two or 
three millionth part — then a few seconds elapse before the 
blue colour makes it« appearance. 

487. When a solution containing 1 part of CuSO^ and 
%\ parts of FeSO^ is added to a neutral or slightly alkaline 
solution of an iodide, a white precipitate of cuprous iodide, 
Cul, is formed. The FeS04 is added, to convert the Cu"804 
into Cu'2S04. The addition of a small quantity of a solution 
of Na2C03, so as to render the solution slightly alkaline, 
promotes the complete precipitation of the I. Chlorides and 
bromides are not precipitated by this reagent. 

488. A bead of NaNH4HP04 saturated with CuO, if 
mixed with a substance containing I, and ignited in the inner 
blowpipe flame, imparts an intense green colour to the 
flame. 

* A solution of K3O4 in HjS04 may be employed in place of the EXOj 
and HCl. Fresenius states that a single drop on a glass rod of the Ns^^ 
solution suffices to produce the reaction most distinctly. 
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Iodic Acid, HIO3. 

489. This acid is a white crystalline solid ; it is decomposed at a mode- 
rate heat into O and I ; it is readily soluble in water. Its salts are de- 
composed by heat, a metallic iodide and free oxygen being formed, or into 
iodine, oxygen, and a metallic oxide; the alkaline iodates are the only 
salts of this acid which dissoWe readily in water. AgNO, and BaCl^ pre- 
cipitate it from its solutions. 

400. SO} and H^ each throw down I from solntions of HIO, ; if an 
excess of either reagent is added, the I becomes converted into HI. 

491. An iodate can be detected in the presence of an iodide by the 
rimple addition of a strong acid; the HI and HIOj act npon each other 
in the following manner :~5HI -f HIO, = 81, -f SH^O. 



Htdbobbomic Acid, HBr. 

Solution for the reactions, KBr in water. 

492. Br at the ordinary temperature is a liquid of a deep red 
colour ; it is soluble in water, but it is much more soluble in 
alcohol, ether, chloroform, and bisulphide of carbon ; the solu- 
tions are reddish-yellow. Br, especially in its vaporous state, 
turns moistened starch yellow; the yellow colour does not always 
appear instantaneously. HBr is a gas which closely resembles in 
its properties HCl gas. It emits in the air white fumes, which 
are denser than those produced by HCl ; it is decomposed by 
CI, Br being set free, and HCl formed; the liberated Br 
appears under the form of reddish vapours, or condenses into 
reddish drops. HBr is extremely soluble in H2O ; the solution 
is colourless, unless it contains free Br, which it dissolves in 
large quantities ; it has then a dark reddish colour. HBr» 
in the gaseous state, may be obtained by heating £Br with 
H3PO4, or by acting on PBrg with water, HBr and phos- 
phorous acid, H3PO3, being formed. It may be obtained in 
solution by passing H2S through water which contains Br. 
The bromides are solid at ordinary temperatures; most of 
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them are fused bj a moderate heat and are partially volatilized ; 
the bromides of Au and Ft are decomposed by heat ; most of 
the bromides are readily soluble in water. 

403. HBr and the bromides, with the exception of AgBr 
and HgBr, are decomposed by HNOjj, on the application of 
heat, the H or the metal being oxidized and the Br liberated ; 
if the bromide operated upon is in the solid state or as a con- 
centrated solution, the Br yaporizes ; but if the bromide is in 
a state of solution and not very concentrated, the Br dissolves 
in the liquid, colouriug it yellow or yellowish-red. In the 
cold, HNO3, even the fuming red acid, does not liberate Br 
from moderately dilute solutions of the bromides, nor is it 
liberated by a solution of N2O4 in HCl, or by H^Oj and 
KNO.,. 

41)1. CI, in the ffoseous state or in solution, immediately 
liberates Br in the solutions of its compounds ; the fluid 
assuming a yellowish-red tint if the quantity of Br present is 
not too minute. A large excess of CI must be avoided, since 
this will cause the formation of chloride of bromine, which will 
destroy the colour wholly or nearly so. This reaction is made 
much more delicate by addition of a fluid which dissolves Br 
and does not mix with water, as sulphide of carbon or chloro- 
form. Mix the neutral or feebly acid solution* in a test-tube 
with a little of one of these fluids, sufficient to form a large 
drop at the bottom, then add dilute chlorine-water drop by 
drop, and shake the tube. With appreciable quantities of Br, 
for example 1 part in 1000 parts of water, the drop at the 
bottom acquires a reddiah-yellow tint. A large excess of 
chlorine-water must be avoided, and it must always be first 
ascertained whether, when mixed with a large quantity of 
water and some sulphide of carbon or chloroform, and shaken, 
it leaves these reagents quite uncoloured ; if it does not, it 
ought not to be employed. If the solution of Br in sulphide 
of carbon or chloroform is mixed with a solution of KHO, 
the mixture shaken, and heat applied, the yellow colour will 
disappear, KBr and potassic bromate, KBrO,, being formed. 
By evaporating this solution to dryness and. igniting the 
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residae, the KBrOs will be cooyerted into KBr. On heat- 
ing the bromide with MnOj and H2SO4 in a small retort 
TELLOWisH-SED VAPOUBS will be evolved unless the quantity 
be verj minute. These vapours, when brought in contact with 
slarch paste, will communicate to it an obange-yellow 
coLOUB, which disappears on exposure to the air.* 

495. Br in presence of I and CI may be identified by the 
following simple operation : — Mix the fluid with a few drops 
of dilute H0SO4, then with some starch paste, and add a little 
red fuming HNO3, or, better still, a solution of ^2^4 ^ 
'E.pO^ whereupon the iodine reaction will show itself imme- 
diately. Add now chlorine-water drop by drop until that 
reaction has disappeared, then add some more chlorine-water 
to set the Br also free, which may then be separated and iden- 
tified by means of chloroform or bisulphide of carbon, or the 
liberated I may also be taken up with chloroform or bisulphide 
of carbon, and chlorine-water cautiously added, when the 
riolet-red coloration imparted by the iodine gradually fades 
away, and after its disappearance the brownish-yellow colour 
given by the Br is distinctly visible. (Freseniua.) 

496. Solid bromides, when distilled with E2Cr20; and COK- 
CEiTTBATEP H2SO4, yield pure Br, which becomes colourless, 
or nearly so, when treated with excess of NH^HO ; by this 
means it is distinguished from chlorochromic acid, which it 
resembles in colour. (See par. 474.) 

497. If a NaNH4HP04 bead saturated with CuO is mixed 
with a substance containing Br, and then ignited in the inner 
blowpipe flame, the flame is coloured blue, inclining to gbbbk, 
more particularly at the edges. — {Berzeliua,) 

* Fretenins recommends that the fluid containing the free Br, or the 
mixture of bromide, MuO,, and H3SO4, be ^ntly heated in a very small 
betker, covered with a watch-glass with a slip of paper attached to the 
lower side, moistened with starch paste, and strewed over with starch 
powder ; in the course of a short time« if bromine is present, a yellow tint 
will be imparted to the starch. 
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HxDBOCTAKio AciD (JPrusHc Acid), HON or HCy. 

Solution for the reactions, KCj in icater, 

498. In its onbydrouB state HCj is a colourless, volatile, in- 
flammable liquid, possessing a strong odour resembling oil of 
bitter almonds ; it boils about 27^ C, and evaporates in large 
quantities far below its boiling-point ; a small quantity of the 
vapour is sufficient to produce instantaneous death. Water 
dissolves it in all proportions ; the solution is liable to undergo 
decomposition if exposed to the light, the decomposition taking 
place more quickly as the acid is stronger ; alkalies accelerate 
the decomposition, but the presence of a small quantity of HCl 
impedes decomposition ; concentrated HCl, on the other hand, 
decomposes HCy immediately into NH^Cl and HCHOj (formic 
acid) ; concentrated H2SO4 produces the s^me decomposition, 
but further converts the HCHO2 into CO and HjO. Although 
HCn02 is one of the products of decomposition of HCj, 
NH4CHO2 (ammonic formate) is converted by heat into HCy 
and HgO; on boiling HOy with an excess of KHO, NH3 is 
evolved and KCHO2 remains in solution. "To prepare a 
solution of HCy the usual plan is to decompose in solution 
K^EeCyg by dilute H2SO4, and distil ; the best proportions are 
10 parts of crystallized K^YeCy^ dissolved in 50 parts of HjO ; 
3'5 parts of common H2SO4 are then mixed with 25 parts of 
H2O, and the mixture, when cold, is poured into the solution of 
the salt, and then distilled; the equation explains the reaction: — 
2K4EeCy6 + 3H2SO4 + Aq = 6HCy + K^^e^Cy^ + 3K2SO4 
+ Aq.*' The solution of HCy is feebly acid to test-paper; it 
does not decompose the alkaline carbonates ; it readily dissolves 
HgO, forming HgCyj, and, when mixed with a solution of the 
alkalies, alkaline cyanides are formed, which are soluble in water ; 
their solutions are alkaline to test-paper^ and they are decom- 
posed with the liberation of HCy by the weakest acid. HgCy^ 
is soluble in water ; most of the cyanides of the other heavy 
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metals are insoluble. Some of the cyanides give off HCy 
when treated with dilate solutions of the stronger mineral 
acids ; others, as ferrous and aureus cyanides, may be boiled 
with moderately strong acids without decomposition. Most of 
the insoluble cyanides dissolve in solutions of the alkaline 
cyanides, forming double cyanides. KCy and XaCy sustain a 
red heat without decomposition, if air and moisture be excluded ; 
heated in contact with the air, they are converted into cyanates, 
M'CyO, and when further heated into carbonates. AgCy and 
HgCyg on being heated give off Cj as gas ; other cyanides give 
off 'N, a mixture or compound of C and the metal being left. 
All the cyanides, when heated in the presence of water, are 
destroyed ; the alkaline cyanides are converted by continued 
boiling with water into NH, and alkaline formates. 

499. If to a solution of HGy or an alkaline cyanide KKO 
and a mixed solution of a ferrous and ferric salt be added, a 
greenish-blue precipitate will be produced ; on the addition of 
HCl insoluble Prussian blue separates. If only a very minute 
quantity of HCy is present, the fluid simply appears green after 
the addition of the HCl, and it is only after long standing that 
a trifling blue precipitate separates from it.* 

500. " If to a solution of HCy KILO is added in excess, and 
then finely pulverized HgO, the latter dissolves as readily as it 
would in free HCy. Since HgO is soluble in solutions of the 
alkalies only in presence of HCy, this reaction may be looked 
upon as a positive test for that acid.'* — Fresenius, 

601. When HCy is added to (NH4)2S containing an excess , 
of S ammonic sulphocyanide, !N'H4CyS2, is formed, which gives 
a deep bloodied colour with ferric salts (179). This test may 
be applied in qualitative analysis in the following way : — Add 
a few drops of yellow (NH^^ to the liquid supposed to con- 

* This test mtj be modified by heating gently the snspected mixture 
with H3SO4, and suspending in the flask or retort, for a few minutes, a 
piece of paper moistened with a solution of EHO ; on dropping a weak 
solntion of the mixed iron salts upon the paper, and immersing it in 
diluted H3SO4, HCy may be recognised by the formation of Prussian bine 
when very minute traces only are present. — Miller. 
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tain the HCy ; evaporate at a gentle heat (not above 100° C), 
until the excess of (N 114)28 has completely volatilized, which 
is ascertained by the smell ; then test the solution with a drop 
or two of FcgClg. This test is exceedingly delicate. ** If an 
acetate is present, the reaction takes place only upon addition 
omOXr—Freaenius, 

502. By neither of the above methods will Cy be discovered 
in HgCyg ; the solution of HgCyj must be treated with HgS, 
HgS will be precipitated, and HCy remain in solution ; examine 
then for HCy according to pars. 499, or 501, or 503. 

503. Schonbein has recently proposed a new and exceed- 
ingly delicate test for this acid ; it consists of paper imbued 
with resin of guaiacum, and moistened with a solution of 
CaS04, in contact with this acid the prepared paper immedi- 
ately assumes a blue colour. To employ this test a slip of the 
paper imbued with guaiacum is moistened with the solution of 
CUSO4, and brought in contact with HCy, either dissolved in 
water or diffused in the air, when it immediately becomes 
blue ; the colour developed on the paper remains for a long 
time, but diminishes as the paper dries. After several days it 
passes to a greenish-grey, but revives slightly on moistening 
the paper. 

504. Detection of the acid in organic mixtures, — Place the 
suspected mixture in a wide-mouthed bottle. (1) Introduce 
into the atmosphere of the bottle Schonbein's paper. (2) Smear 
a glass plate with a drop of yellow ammonic sulphide, and 
place it over the mouth of the bottle ; subsequently evaporate 
the excess of (NH4)2S at a low temperature, and proceed as 
directed at par. 501. (3) Smear a glass plate with a mixture of 
KHO and EeS04, ^^^ place it over the mouth of the bottle 
for a few minutes, then acidify with HCl (par. 499). " In order 
to obtain the acid from the coats of the stomach or its con- 
tients, the substance, cut into small pieces, should be mixed 
with cold distilled water, and distilled by a water-bath at a 
low temperature (77^ C), the distillate being collected in a 
cold receiver; if the suspected liquid is alkaline, a small 
quantity of tartaric acid may be added to neutralize it; 
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the distillate may then be examined bj the three preceding 
testa." 



NiTEic Acid, HNO3. 

Solution for reactions, KNOgt^ water, 

505. HNOj,, when pure, is a coloarless liquid, boiling at 
86° C. with partial decomposition, a weaker acid being left 
behind ; it fames strongly in the air, and absorbs water from 
it, but with less avidity than H3SO4. It is frequently of a yel- 
lowish or red colour, owing to the presence of some of the lower 
oxides of nitrogen. Owing to the facility with which it gives 
up oxygen, it is, especially when heated, a most powerful 
oxidizing agent ; its action upon the metals has been already 
noticed, it acts more or less powerfully on all the solid non- 
metallic elements. It acts with great energy on most organic 
bodies, the kind of action varying with the strength of the acid 
and the temperature ; organic substances containing nitrogen 
are stained yellow by the acid. Nitbio anhydbide (NgOj) is 
a very unstable body. 

506. All the neutral nitrates are soluble in water ; a few of 
the basic salts are insoluble in that liquid, the solutions of the 
nitrates of the metals of the alkalies and alkaline earths, and of 
silver and manganese are neutral to test-paper. Most of the 
nitrates fuse readily when heated, they are all decomposed at 
an elevated temperature ; " the nitrates of the highly basylous 
metals at first give off nearly pure 0, and are converted into 
nitrites, afterwards a mixture of O and N, together with some 
nitric peroxide (N2O4). Other nitrates, which decompose at a 
lower temperature, those of Hg, Fb and Ag, for instance, 
evolve a mixture of IS^O^ and O. A few still more easily 
decomposable hydrated salts, aluminic and bismuthic trini- 
trates, for instance, give off HNO3. Ignited AgNOj leaves a 
residue of Ag, but most normal nitrates, when strongly heated, 
leave residues of os ides analogous in composition to the original 
salty but ferrous and manganaus nitrates leave oxides richer in 
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oxjgdn than those which correspond to the original salts, viz. 
^ Fe^O^ and Mn304. Nitrates heated with combustible bodies 
produce a more or less violent deflagration or explosion. The 
acid-forming bodies, metallic or non-metallic, when defla. 
grated with nitre, leave potassic or sodic salts of the respective 
acids." 

607. To detect HNO3 in a solution, add to it one fourth of 
its volume of undiluted H2SO4, and gently warm the solution ; 
a solution of a ferrous salt must then be added, along with a 
few drops more of the H2SO4, when the liquid will become of a 
deep brown colour, attended, most likely, with an energetic 
disengagement of gas ; the colour, in this case, will soon dis- 
appear, for a reason, presently to be named, but can readily be 
reinstated by a fresh addition of the ferrous solution. Or the 
solution of the ferrous salt may be added first to the solution 
of the nitrate, and then the undiluted H2SO4 poured in, in 
such a way that it forms a layer at the bottom of the test- 
tube ; in this case the deep-brown colour will be produced at 
the contact-surface of the two liquids. The dark brown 
colour is owing to the formation of a compound of nitric oxide 
(NO) and the ferrous salt, the formula of the compound 
being 2Fe"S04,NO ; this compound is destroyed by heat with 
the disengagement of the NO, hence the fading of the colour 
when the solution is heated. 

508. When nitrates are heated with undiluted H2SO4, in 
the presence of copper twmings^ NO is evolved, which, in con- 
tact with the air, forms red fumes, owing to its absorption of 
oxygen and its conversion into nitrous anhydride (N2O5) and 
nitric peroxide (N2O4). This experiment ought to be con- 
ducted in a narrow test-tube. The colour is best observed bj 
looking into the test-tube lengthways. 

509. The following is an exceedingly delicate test for de- 
tecting HNOjj, it is therefore specially adapted for detecting the 
acid in water. Dissolve brucin in 1000 times its weight tH 
water, pour about 15 grains of this solution into a test-tube, 
then add a little of the water to be tested, and lastly some 
H2SO4 ; the acid is made to flow down the side of the tube so 
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as to gather beneath the water. At the place of contact 
of the two liquids a rose-red zone immediately forms, if HNOs 
be present in detectable quantity. The reagents must be 
specially purified before they can be employed. The water 
employed to dissolve and wash the brucin must be repeatedly 
rectified over KHO. The brucin is washed with the pure 
water several times to remove nitrates. The H2SO4 is mixed 
with 5 per cent, of NH4HCO3, and three fourths distilled off 
in a glass vessel. (Xersten,) 

510. The following has recently been proposed as a delicate 

test for nitrates, and, therefore, specially applicable for their 

detection in water. Into a testfglass about 1 cub. cent, of 

pure concentrated H2SO4 is placed (sp. gr. 1*84), to this is 

added drop by drop ^ cub. cent, of a solution of sulphate of 

aniline, prepared by adding 10 drops of aniline of commerce 

to 50 cub. cent, of dilute H2SO4 diluted in the proportion of 

1 of acid to 6 of water. A glass rod is dipped into the 

liquid to be tested and then into the test-glass ; on moving the 

stirrer about gently, when the slightest trace of HNO3 is 

present, red streaks mark the course of the glass rod ; when 

there is slightly more than the merest trace, the liquid becomes 

carmine tinted ; and with a still further quantity a deep red 

tint, which turns reddish-brown. Hyponitric acid produces 

the same reaction. 

511. Dissolve 1 part of carbolic acid (phenol) in 4 parts of 
concentrated H2SO4, and dilute the solution with 2 parts of 
water. If the substance to be examined for HNO3 ^ ^^ ^^^^' 
tion, evaporate it in a porcelain crucible or its cover, and let 
faU one or two drops of the phenyl-sulphuric acid solution 
upon the residue at a tetnperature of about 100° C. By the 
excess of the H2SO4 any nitrates, if present, will be decom- 
posed, and the HNO3 derived from them will directly form 
nitro-com pounds with the phenol, which are indicated by the 
production of a reddish-brown colour. When neither organic 
matters, nor compounds of CI, I, and Br, from which H2SO4 
easily separates carbon or the haloids, are present, this colora- 
tion is in itself convincing. But for fear of their presence, it 
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is better, in all cases, to add a drop or two of strong NH^HO 
to the coloured product, when the haloids will be dissolved in 
the form of colourless salts, and the carbon remain suspended 
in the small particles, not interfering with the recognition of 
the characteristic yellow solution of the nitro-phenylate of 
ammonia. Frequently, after the addition of NH^HO, there 
appears instead of a yellow an unstable emerald-green colour, 
which changes into a rose colour after the addition of an acid, 
and occasionally becomes greenish-yellow. {Sprengel.) 

512. When a minute quantity of goldAedS is boiled in HCl, 
no action is produced ; but on the addition of a little KNO,^ 
or a nitrate, the gold quickly disappears and may be detected 
in solution by the method described in par. 284. 

513. When a moderately concentrated solution of KHO is 
poured upon a mixture of Zn and Fe, K is freely disengaged, 
even without the application of heat ; if a nitrate is added to 
this mixture evolving the H, it is followed by an immediate 
development of ammonia. This reaction furnishes a good 
qualitative test of the presence of nitric or nitrous acid. The 
fluid to be examined is reduced to a small bulk, and poured 
into a test-tube containing two or three grammes of a mix- 
ture of granulated zinc and clean iron filings. A small 
quantity of strong £K0 solution is added, and the whole 
heated to boiling. The usual tests for ammonia may be applied 
at the mouth of the tube. (Sarcourt.) 

514. Very minute quantities of HNO3 may be detected bj 
reducing it first to nitrous acid, which may be effected both in 
the moist and the dry way ; in the former by treating the 
solution of the HNO3 or of the nitrate for some time with 
finely divided zinc, best with zinc amalgam, and then filter- 
ing (Schonbein) ; in the dry way by fusing the substance under 
examination with NajCOg and K^COj at a moderate heat, 
exhausting the mass, after cooling, with water, and filtering. 
Upon adding either of the filtrates to a solution of £1, mixed 
with starch and dilute H3SO4, the fluid acquires a bloe 
colour from iodide of starch ; see pars. 485 and 486. (Fre- 
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515. If a mixtuie of nitrate with KCN in powder is heated 
upon platinum foil, a violent deflagration will ensue, owing to 
the sudden evolution of COj and N, produced hy the oxida- 
tion of the CN. Very minute quantities of nitrates may be 
detected in this way. 

NiTEOUs Acid, HNO,. 

516. Nitrites give a broton colour with ferrons salts without the addi- 
tion of an acid. Acidulated solntions of nitrites produce at once a purple 
colour witli starch and KI. The lUf rates do not colour ferrous salts 
brown or decompose KI until the nitric acid has heen liberated and re- 
duced to nitrous acid by warming with sulphuric acid. 

517. Nitrites are, like nitrates, oxidizing agents, but they act more 
readily than the latter. Nitrites act also as reducing agents, acidulated 
solntions decolourise potassic permanganate, and gradually change potassic 
bichromate to a greenish hue; they also reduce AuCls and mercurous 
■alts; these reducing actions distinguish them from nitrates. 

Chlobic Acid, HCIO3. 

518. This acidy in its concentrated state, appears in the form 
of a yellow syrupy liquid, the odour of which resembles that of 
HNO3; the dilute acid is colourless and inodorous. HCIO3 is 
an unstable acid, it gradually undergoes decomposition on 
exposure to light ; at a temperature of 40° C. it undergoes 
decomposition, and at 100° C, or a little above, it is rapidly 
converted into perchloric acid (HGIO4), oxygen, chlorine, and 
water :— 3HCIO3 = HCIO4 + Clg + 20^ + HjO. 

It is decomposed by contact with organic matter ; it is a 
very powerful oxidizing and bleaching agent ; it reddens 
litmus first and afterwards bleaches it. Chlobic akhydbide 
has not been obtained. 

519. AU the chlorates are soluble in water ; they are decom- 
posed upon ignition, oxygen being given off, and generally the 
metal is left a8~a chloride ; but in the case of magnesic and 
some other chlorates the metal is left as an oxide, CI and O 
being given off :— 2MgC108 = 2MgO + Clj :{• 2O2. 

Fused chlorates are powerful oxidizing agents ; when heated 
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with organic substances, thej deflagrate with far greater 
violence than the nitrates. The solutions of the chlorates of 
the metals of the alkalies and alkaline earths are neutral to 
test-paper. 

520. To detect this acid, add to a small quantity of the solid 
substance under examination a few drops of undiluted H2SO4 
in the cold. The chlorate ^dll be decomposed, KIiS04 and 
FOTASSio FEHCHLORATE (KCIO4) being formed, along with a 
OBEENiSH-TELLOW COLOURSD ezplosivc gas, pcrchloric oxide 
{GI2O4), which escapes :— 3KCIO3 + 2H2SO4 = KCIO4 -f 
CI2O4 + 2KHSO4 + H2O, the application of heat must be 
avoided, and the quantities operated upon should be small, to 
prevent any loud and violent explosion taking place. 

521. If the solution of a chlorate is coloured light blue, \(ith 
some solution of indigo in sulphuric acid, a little dilute H2SO4 
added, and a solution of sulphite of soda dropped cautiously 
into the blue fluid, the coloiur of the indigo disappears imme* 
diately. The cause of this equally characteristic and delicate 
reaction is, that the sulphurous acid deprives the chloric add 
of its oxygen, and the liberated chlorine decolorises the 
iiidigo. (Fresenius,) This test readily distinguishes chlorates 

from nitrates. 

* 

522. Upon heating chlorates with HCl the constituents of 
the two acids decompose, forming water, chlorine, and an oxide 
of chlorine. The test-tube in which the experiment is made 
becomes filled in this process with a greenish-yellow gas, 
of a very disagreeable odour, resembling that of chlorine ; the 
HCl acquires a greenish-yellow colour. 

523. If a mixture of chlorate and KCy is gently heated upon 
platinum foil, a very violent deflagration ensues, even with a 
minute quantity of chlorate. The experiment must only be 
made with very minute quantities of chlorate. 



^ 
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CLASSLFIGATIOir OF THR IlTOBOAjnC AOIBS, DTCLUDIITO 
OXAXIO ACIB, WITH A DbSCBIPTIOIT OF THE PkOOSBSES TO 
BS FOLLOWS!) IK THX BZAMIKATIOlf OF SuBSTAKGBS FOB 

THESB Acids. 

524. Olassijieatian of the acids. — The inorganic acids described 
in this book maj be conveniently divided into four groups, as 
follows :— 

FiBST Gboup. 

1st Division. — Acids which are precipitated by HgS from acid 
solutions, as sulphides— AiBLB^naovs and absbnio acids. 2nd 
Division. — Acid which is converted by HjS into a bcise — chbo- 
u:ic ACID. The acids contained in this group are detected in 
testing for the bases. Absekious and absexio acids, being 
precipitated by HjS, are classed amongst the bases ; whilst 
chbohic acid is converted into Cr203, a member of the fourth 
group of bases ; the change of colour attending this conver- 
sion is so characteristic, that it cannot be overlooked by the 
most inexperienced student. The only thing which can cause 
the least difficulty or perplexity is the mistaking a green solu- 
tion, with a light-coloured precipitate suspended in it, for a 
green precipitate. 

Secoitd Gboup. 

525. 1st Division. — Acids which are precipitated by BaCI^, 
or any soluble baric salt from neutral^ hut not from ctcid, solu- 
tions, their baric salts being soluble in acids. The members of the 
1st group, and likewise fhobphobic, oxalic, htdbofluobic, 

BOBACic, silicio, and oabbokio acids.* 2nd Division. — Acid 

• 

* Buic borate, also baric oxalate and fluoride, are Bolable in lolntionB 
containing ammouic salts; the last two are soluble in a less degree than 
the baric borate. A borate, oxalate or fluoride may be present in a solutio 
which gives no precipitate on the addition of a soluble baric salt, if 
amnionic salta are present. 

14 
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which is precipitated bj BaCl2« or any soluble baric salt from 
aeidf as well as neutral solutions — sttlphubic acid. 

(a) All these baric salts are colourless, with the exception of 
BABic OHBOMATE, which is of a pale-yellow colour. If amenious, 
arsenic, or chromic acid has been detected in examining 
for the bases, it should be got rid of from the portion of the 
solution to which the baric and silver salts are to be added 
by sHghtly acidifying the solution with H^O,, if it is not 
acid to test-paper, and treating it with an excess of HjS, 
filtering if necessary, gently boiling the solution until the 
excess of HjS is removed, and neutralizing it with NH^HO. 
If CO2 has been detected in testing for the bases, it is better 
to get rid of it also beforeJsdding the baric salt, by adding, as 
before, HNO3 until it is ^slightly in excess, and then boiling 
for a short time; and, as before, neutralizing the solution 
with NH4HO. To the neutral solution thus prepared, if one 
or all of these four acids were present, or to the neutral solu- 
tion if they are not present, a solution of BaCl^ is added, or 
if an argentic or mercurous compound is present, a solution of 
Ba(N03)2; ^^^ precipitate is formed the acids of this group, 
with the exception of those got rid of, are absent ; * if a pre- 
cipitate is produced add dilute HCl, or dilute HNO3, ^ 
Ba(N03)2t has been employed ; if the whole of the preci- 
pttate, or a portion of it is dissolved, one or more of the adds 
whose baric salts are soluble in acids are present ; if the whole 
or a portion of it is insoluble in acids, K3SO4 or a sulphate 
is present, 

Thibd Qboup. 
526. Ist Dinision. — Acids which are precipitated from neutral, 

* The absence of the acids whose baric salts are soluble in ammooic 
salts, if these are present, is not established by this experiment (see 
note, page 209). 

t Concentrated HCl or HNO3 mast not be employed, because Bad] and 
BaCNO,), are insoluble in them, and would therefore separate from the 
solution. 
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hut not /ram acid, Bolutiona bj AgNO^, The members of the 
Ist and 2nd groups, with the exception of bulphubio acid. 
2nd IHmdon. — Acids which are precipitated firom cicid as well 
as iteif/ra^aolutionB — htdbositi<phubic,hjdbochi.obio, htdbo- 

BBOMIC^ afidHTDBIODIC ACIDS. ^ \'\ , \^ m 

The following silver salts are coloured i^Aboentio sul- 
THIDB, Uack ; the chbohate red; the abbsitiate reddish'hrown; 
the ABSEiriTS, phosphate, and iodide, y^ZZau?; the silioate, 
yellow or white; the bbohidb, yellowish-vohite. The silver 
salts of the rest of the adds of the group are colourless. 
Besides removing the adds of the Ist group and COj, it is 
necessary also to get rid of a sulphide before adding the Hlver 
iolt, and as firroua sulphate reduces the silver salt, Ag being 
predpitated, it is necessary to convert it, if it is present, into 
it^e ferric state; the solution must, therefore, be rendered 
slightly acid, if it is not so already, with HNO3 ; it must then 
be treated with an excess of H^, if any of the members of 
the Ist group of adds are present, and filtered if necessary ; the 
solution must be gently boiled to expel the H^ and COj, and 
to convert the ferrous salt into the ferric state ; NH4HO must 
then be added to the solution slightly in excess, and the solu- 
tion again boiled until it is neutral to test-paper ; if a preci- 
pitate has been formed, filter and add a solution of AgNO^ 
to the clear Hquid. If the solution becomes add after the 
addition of the silver solution, it ought to be vert/ eareftdly 
neutralized with NH^HO ; if no precipitate is produced by 
AgNO^ all the acids of the group, with the exception of those 
got rid o^ are absent. If a predpitate is produced, its colour 
ought to be observed ; HNOg, entirely free from HCl, must 
be added, and the mixture shaken ; if the whole of the pre- 
dpitate, or a portion of it is dissolved one or more of the 
adds whose silver salts are soluble in HNO3 are present ; if 
the whole or a portion of the silver precipitate is insoluble in 
HNO^, HCl, HBr, HI, HCN, or their radicals, may be present. 
As AgNOg causes no predpitate in solutions of mercuric 
cyanide, if Hg in the mercuric state is present, cyanogen may 
be present, although AgNOg produces no precipitate ; cyanogen 
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must, therefore, be examined for according to par. 502, whea 
mercury is present. 

When the silver precipitate does not entirely redissolre in 
HNOj^ examine the original solution for Cy, I, Br, and CI. 

FOTJBTH Q-BOUP. 

627. Acids which are not precipitated by any reagent — 
NiTBic and CHLOBic ACIDS. A 'special examination must 
always be made for the acids contained in this group. 

528. We will now give directions for testing for each 
acid individually by means of characteristic tests, and after- 
wards the methods to be pursued in preparing solutions 
for the examination of the acids. 

Chabactebistig Tests for the iKOBaANic Acidb. 

529. The characteristic tests must be applied to the original 
solution ; a separate portion must be taken for each acid. 

530. Abseihous Acid, Absenio Acid, Ghbomic Acii>. — 
As these acids are discovered in testing for the bases, no experi- 
ments require to be made for their detection when testing for 
the acids. 

531. SuLPHVBic Acid. — The presence or absence of this acid 
is ascertained on testing a part of the solution with the 
general reagent, BaCl2, and if a precipitate is produced digesting 
it in dilute HCl or HNO3, if it dissolves the acid is absent, if 
it does not dissolve it is present (404). 

532. BoBAGic Acid. — This acid can be detected in most 
cases, by the method described in par. 419 ; but the most ocr- 
tain test is the one described in par. 420. 

533. Fhosphobic Acid. — When the phosphates are soluble 
in ammonic solutions (and the student can decide this when 
he knows what bases are present), this acid can be detected 
by the method described in par. 424, but the most certain 
tests are 427 and 428, especially the last. The student mnst, 
however, remember that arsenic acid gives precipitates with 
these reagents, similar to those given by phosphoric acid; 
when present, it must, on this account, be removed from the 
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solution bj HjS, or be reduced to the state of anenious add, 
before testing for phosphoric acid. FO4 may also be detected 
bj the method given in par. 431. 

534. Carbokic Acid. — ^This acid is distinguished from the 
other gaseous acids by giving a precipitate with lime-water ; 
the way for evolving the gas, when combined, and testing it, 
when liberated, with lime-water, is described in pars. 441 and 
4^. 

535. OxAXic Aom. — This acid is detected by the method 
described at 449 ; but very minute quantities of it are more 
Becorely detected by boiling the substance with a solution of 
I^a^COg, for some time ; subsequently filtering, and acidifying 
the filtrate with acetic acid, and then adding to it a solution of 
CaSO^ (451). 

536. Silicic Acid. — To test for this acid, evaporate the 
solution to dryness with an acid, and proceed as directed at 
453 or 455. 

637. Htdbofluobio Acid. — ^Test for this add, when silicic 
add is absent, by the method described at 460 ; when silidc 
add is present, by the one described at 462 or 463. 

538. Suiif HiDB Of KiDBOGXK. — This acid is distinguished 
from the other gaseous acids by giving, with soluble salts of 
silver and lead, black precipitates ; the way for applying the 
test is described in par. 468. The sulphur in sulphides which 
are not decomposed by HCl, but require for their decomposi- 
tion HNO3, ^^ ^^^ i^gi&> cannot be detected in this way : 
recourse must be had in these cases to the process described in 
par. 471. 

539. HYDBOCHifOffiic Acid. — When HBr and HCy are 
absent, the presence of this acid is proved by the insolubility of 
the silver precipitate in HNO3, ^^^ ^7 ^^ solubility in NH4HO ; 
when HCy is present, and HBr absent, its presence is proved, 
if, after igniting the silver precipitate, which was insoluble in 
HNO3 ^^^ soluble in NH4HO, a whitish residue remains, 
which is insoluble in HNO3. When HBr is present, no matter 
whether HCy is present or absent, the presence of HCl can 
only be ascertained by the test described at 474. 
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540. Hydrtodic Acid. — Iodine is best discovered bj the 
test described at 486. 

541. Htdrobbomic Acid. — ^Examine for Br, according to 
the method given in par. 494 ; in the presence of I or CI, 
according to par. 495. 

542. Htdboctai^io Aoid. — ^This acid can be distinguished 
from all other acids by the tests described in pars. 499, 501, and 
503 ; if, however mercuric compounds are present which will 
have been discovered in testing for the bases, the process 
described in par. 502 must be employed. 

543. NiTBio Acid.— The tests described at 507, 508, 512, 
513, or 514, may be employed, bnt for. the detection of the acid 
in waters the tests described at pars. 509 and 510 are the best. 

544. Chlobic Acid. — The presence or absence of this add 
is proved by the tests described at 521 and 522. 

545. Preparation of the solutions and examination for the 
acids. 

The examination for the metallic or basic constituents must 
always precede the examination for the acids, for in the search 
for acids, the student will be greatly assisted by knowing 
what basic substances are present, which of their salts are solu- 
ble in water and the reaction of the aqueous solutions of 
those salts on vegetable colours, also which of the salts of the 
metals found are insoluble in water, but soluble in acids, and 
which of them are insoluble both in water and acids. He will, 
from a knowledge of the metals present, the solubility or insolu- 
bility of the substance under examination in water or acids, be 
able to form a tolerably correct conclusion as to the acid or 
acids which must be absent ; thus, for instance, if the substance 
is a solid soluble in water, or it is a solution* water being the 
solvent, and the solution in either case is neutral to test- 
paper and the basic constituents present are K, Na and 
NH4, all the acid radicals whose salts of K, ^a and NH^ are 
alkaline to test-paper must be absent, and if any polybasic 
acid radical is present which class of salts of this radical it is 
that is present will also be known. To take another example .- 
if Ba, E and Na, were the metals present and the solution was 
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neutral to test-paper all the acid radicals whose baric salts are 
insoluble in water, and all the soluble salts of Ba, K, and Na 
that are alkaline or acid to test-paper, must be absent. Again 
SO4 or Cl need not be sought for in soluble compouuds con- 
taining Ba or Ag respectively. 

54(>. If the substance is a solid soluble in water, or it is a 
solution, water being the solvent, and if any of the members of 
the Ist group of acids or COj, or H^S, have been detected, they 
must be got rid of and the solution neutralized as described at 
par. 525-a, the solution must then be examined for the other 
addB, as there directed. If none of the acids of the first 
group, nor COj, or HjS, have been detected, proceed at once 
with the examination for the other acids according to par. 525-a, 
if the solution is neutral; if it is alkaline, first render it exactly 
neutral with HNO3, and then proceed with the examination : 
if it is aeidy neutralize it with NH^KO ; filter, if necessary, and 
then proceed with the examination according to 525-a. 

547. If the substance is insoluble in water but soluble in 
acids, or if it is a solution an acid being the solvent, it is better 
in the majority of cases to get rid of all the metals but the alka- 
line ones, as the presence of some of the other metals interferes 
with the detection of some of the acids ; they may be got rid of 
by one or other of the three following methods. — 1. Precipitate 
the members of the 5th and 6th group of bases, when they are 
present, from the acid solution with H2S ; filter,' boil the filtrate 
gently until the excess of H2S, is expelled, then add a solution 
of NajCOj) (entirely free from sulphate and chloride), in excess, 
and then a little ^82003, in the solid state, and boil for some 
time ; 2nd. Boil the dry solid with an excess of a concentrated 
solution of Na^COji, for some time ; 3rd. Mix the solid with four 
parts of NaECOj, and fuse the mixture ; boil the fused mass 
in water; whichever of these plans has been adopted the 
bases remain in the residue, and the acid radicals in combina- 
tion with the Na ; filter and add to the filtrate HNO3, slightly 
in excess, heat the solution gently, taking care that it remains 
permanently acid, until all the CO2 is expelled, then add 
NH4HO, slightly in excess, again warm the solution until it is 
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neutral to test-paper ; if a precipitate has been formed, filter 
and examine the clear solution according to par. 550. 

548. It is not necessary to remove the bases in order to 
test for H2SO4, HCl, and HNO3. All the chlorates are solu- 
ble in water, and so are all the nitrates, with the exception of 
a few basic ones ; if a substance is, therefore, entirely insolu- 
ble in water, chlorates must be, and nitrates probably are, 
absent ; if a portion only of a substance is soluble in water, 
treat a portion of the substance with water, and examine 
the aqueous solution 9pecially for the acids of the fourth 
group. 

549. In testing for the acids the general reagents are used 
in most cases only to prove the presence or absence of ao 
entire group of acids. The detection of each of the adds in 
the groups requires the further application of the characteris- 
tic tests, par. 529. 

550. Test a portion of the solution with one of BaClj or 
Ba(N03)2, ^ directed at par. 525 ; test another portion with 
one of AgNO^, as directed at par. 526, then test specially for 
the acids indicated by these reagents, and also for those of the 
fourth group. 

551. Frelimincsry examination for adds, — By heating the 
substance with concentrated HjSO^ the presence or absence 
of volatile inorganic acids is at' once ascertained, these acids 
either volatilizing undecomposed, or yielding volatile products 
of decomposition. Por this purpose a small portion of the 
dry substance is heated in a test-tube (not to boiling), with 
three or four times its volume of concentrated H2SO4 ; when, 
in the case of all acids which are either volatile without 
decomposition, or are decomposed by H2SO4 at a high tem- 
perature, gases or vapours are evolved, the properties of which, 
in most cases, indicate the nature of the acids present. The 
following table exhibits the behaviour of the salts of the vola*. 
tile acids with concentrated H3SO4 : — 
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CO,. Inodorous; cautes a preeipi' 

iate in lime-water. 
SO,. Odour of burning S ; tumi a 

solution of K^CrOg green, 
H,S. Odour of rotten eggs; turns 

paper moistened with a lead 

solution hrown. 
HCL Irritating gas, which gives 

white fumes in contact with 

HF. Fuming gas, which corrodes 
glass. 

HNO3. Colourless acid gas, some- 
times having brownish tint 
from a portion of it being de« 
composed; on the addition 
of copper filings redjumee, 
which colour starch paste 
and Kl blue. 



With Decohpobition. 



HI. Violet vapours of I, which co- 
lour starch-paste Hue, 

HBr. Bed vapours of Br, which 
colour starch-paste orange, 

HON. Disengages CO, which bums 
with a blue flame, 

CrOg. Evolves O, the solution be- 
coming brawn or green, 
ClO^ Qreenieh yeUow explosive 
gas. 

H2C2O4. Evolves CO, and CO. 



552. It must be obserred that the behaviour of a miztrire of 
salts when heated with H2SO4 is often different to the behaviour 
of the salts when heated separately with H2SO4; thus, for 
instance, a mixture of a nitrate and chloride, when heated with 
H3SO4, evolves CI, and red nitrous fumes. Mercury and tin 
chlorides are decomposed with difficulty, if at all, by H2SO4. 

553. Answers to the following exercises must be written out. 



BXEBCISES. 

143. Describe the chemical reactions involved in the etch- 
ing of glafes. 

144. How can small quantities of HCIO3 be recognised in 
the presence of HCl P 

145. What is meant by stating that a water is hard P and 
describe Clarke's process for softening hard water. 
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146. What is the action of H^S and SOo on highlj oxidiBed 
bodies? Illustrate your answer by diagrams showing the 
action of HgS on Fe23S04 and SO2 on KjCrjO;. 

147. What changes do NiC204 and C0C2O4 undergo when 
heated in close vessels ? 

148. What is the action of HCl and H2SO4 on chromates ? 
Illustrate your answer by diagrams. 

149. How is iodine prepared on the manufacturing scale ? 

150. How is fluorine detected in the presence of silicates ? 

151. Describe the properties and some of the transforma- 
tions of H2C2O4. 

152. How is HCy prepared P what transformations does it 
undergo in the presence of acids and alkalies ? and give the 
different methods for ascertaining its presence. 

153. What change do the neutral and acid chromates of the 
alkaline metals undergo on being heated ? 

154. What is the action of HE upon Si02 in the presence 
of water ? 

155. Chrome iron ore in fine powder is mixed with chalk, 
and the mixture is heated to bright redness in a current of air 
in a reverberatory furnace for nine or ten hours, the mixture 
being frequently stirred ; it is afterwards treated with water, 
the clear solution drawn off from the insoluble matter, and 
H3SO4 is then added to the solution until it is sli^tly 
acid ; KgCOg is then added, the mixture is afterwards filtered, 
and the solution is evaporated until crystals begin to form. 
What change does the chrome iron undergo in roasting? what 
is dissolved out of the roasted mass by the water P why is the 
H2SO4 added? what change does the K2CO3 effect? and, 
finally, what substance is it that crystallizes out ? 

156. What takes place when a mixture of ^aCl, K2Cr04, 
H2SO4 is submitted to distillation ? 

157. Acids which form insoluble lead salts are frequently 
separated firom other acids and substances which are not pre- 
cipitated by lead salts, by means of lead acetate or nitrate, 
and washing the precipitate to free it from the other imparities 
and the excess of the soluble lead salt added, afterwards soa- 
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pending the insolable lead salt in water, and passing n2S 
through the mixture to excess; the lead is converted into 
insoluble PbS, whilst the acid remains in solution; could 
chromic acid be purified in this manner P Give reasons for the 
opinion expressed. 

158. Describe the effect of heat on the following phosphates, 
NagPO^, NagHPO^. and NaH2P04. 

159. Is there any method of disintegrating a silicate insolu- 
ble in acids without fusing it P 

OEaANio Acids. 

554. Organic acids cannot be detected with the same cer- 
tainty and precision as the inorganic acids. To detect with 
certainty even some of those which we have given requires on 
the part of the analyst great skill and judgment. The special 
properties of each of the acids are first described, their divi- 
sion into groups, with a description of the properties of each 
group of acids, and afterwards the processes to be followed in 
preparing solutions for their examination. 

BEHAVIOUB OF THE ACIDS AlTD THEIB BADICALS 

WITH BEAOENTS. 

Tabtabic Acid, H^B^C^U^Of^ = H^T. 

Solution pob the beaotions, NaHHjC^HjOg in water, 

555. This acid is tetratomic, but only two of its four replace- 
able atofns of H. can he replaced by metals, the other two are 
replaceable by alcoholic and acid radicals. This acid forms 
with monatomic metals both acid and neutral salts, for ex- 
ample, hydric potassic tartrate 'KM^Q^Q^^O^^ potassic tar- 
trate 'K^^tS^fi'iO^y potassic sodic tartrate (Bochelle salt) 
£NaH2C4U20^ ; with diatomic metals it forms neutral salts, 
having the general formula WHjC>fi.jd^ » ^^^ ^^ ^^^ CGm- 
moneet tartrates is the so called tartar emetic KSbOH2C4H2O0, 
which may be considered as containing the monatomic radical 
SbO in place of an atom of H, or a monatomic metal. 
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556. This acid exists in grapes, tamarinds, and many other 
fruits ; it is deposited during the fermentation of the grape 
juice aa the acid potassic salt KHH3C4H30g, this deposit is 
called in commerce crude tartar^ or oryo/, and when purified bj 
recrjstallization, cream of tartar. The acid is obtained by pre- 
cipitating from the tartar solution the calcic salt, and decom- 
posing this salt with, dilute IL2S04, and then evaporating the 
solution to the crystallizing point. It occurs in the form of 
colourless, transparent crystals ; it dissolves in cold, as well aa 
in hot, water, and is soluble also in alcohol, the solution is acid 
to test-paper, and if kept for a short time, becomes mouldy and 
decomposes. It can be produced artificially by acting upon 
milk sugar with HNO3 ; it is also obtained by treating dibromo- 
succinic acid, C4H4Br204, with AggO, in the presence of water, 
thus :— C4H4Br204 -i- Ag^O + HjO = C4HgOe+ 2AgBr. 

By the action of HI or iodide of phosphorus, it is reduced 
to malic, or to succinic acid : 

(1) C4HgO« -f 2HI = C4HeOj + l^ + H^O, 

Malic acid. 

(2) C4HeO, + 4HI = C4H,04 + 21^ + 2H2O, 

Succinic acid. 

In the presence of oxidizing agents it is conyerted (gene- 
rally) into carbonic, formic, and oxalic acids. When fused 
with KHO the acid and tartrates break up into an acetate 
and an oxalate I'-C^'Qfi^ + 8KH0 = KC3H3O2 + K2C2O4 
+ 8H2O. 

557. The acid and its salts, when heated, char, and emit a 
peculiar and yery characteristic odour, resembling that of 
burnt sugar, which is best perceived when the substance is 
heated in a tube open at both ends. If the acid, or a tar- 
trate in the solid state, be heated with concentrated H2SO4, 
the mixture acquires a black or a brownish-black colour, owing 
to the separation of carbon, which takes place simultaneously 
with the evolution of CO. If a solution of potassic perman* 
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gate be rendered strongly alkaline, and a tartrate be added and 
the Bolntion boiled, the solution becomes decolorised, the 
permangate being reduced to MnOj* 

558. The tartrates of the alkaline metals, and of those of the 
3rd and 4th groups are soluble in water. The tartrates 
that are insoluble in water are soluble in KCl or HNO3. 

559. As tartaric acid is a test for K, so in like numner 
potassic salts, especially the acetate, can be employed as a test 
for tartaric acid, free and combined ; for this purpose a concen- 
trated solution of potassic acetate is added to the solution, and 
the mixture is then shaken very yiolently, as the precipitate is 
greatly promoted by shaking, and the addition of an equal 
volume of alcohol heightens the delicacy of the reaction. 

560. BaCl^ produces in solutions of the tartrates a white 
precipitate of 'B&H.2C^1S^2^^^ which is soluble in solutions con- 
taining ammonic salts and in HCl. 

561. CaCl^ precipitates from solutions of the tartrates a 
white precipitate of CaH2C4H2O0, 4n20, which is soluble in 
acetic and the mineral adds ; ammonic salts retard the formation 
of the precipitate. It is distinguished from calcic phosphate, 
calcic borate, and calcic oxalate, by dissolving in a cold not 
oyer-dilute solution of KHO, from which solution it** is 
precipitated on boiling, and again redissolved as the liquid 
cools. 

562. lAfne-tDater produces in solutions of the tartrates and 
also in solutions of the acid, if added until the solution is 
alkaline, a white flocculent precipitate of calcic tartrate, 
which becomes crystalline after some time ; this precipitate 
is soluble in tartaric acid and in solution of NH^Cl, from which 
solutions the calcic tartrate separates after some time in the 
ciystaUine form. 

563. Plumbic acetate produces in solutions of tartaric acid 
and the tartrates a white precipitate of Pbn2C4H2O0, which 
dissolves readily in HNO3, in KH4HO, in tartaric acid, and in 
ammonic tartrate. 

564. AgNOg produces, in solutions of the neutral tartrates, 
a white precipitate of Ag2H2C4H2O0, which is soluble in 
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NH4HO ; if the ammonic solution be gently heated a bright 
metallic deposit of silver is formed. 

CiTBio Acm, HgHCgH^Oy. 

Solution for the reactions Na^HCgH^O^ in water. 

565. This acid is tetratomic, but onlj three of its four 
replaceable atoms of H can be replaced by metals ; the fourth 
is called alcoholic hydrogen. It forms with the alkali metals, 
one neutral and two acid salts, ex. tripotassic citrate 
K3nCgH40;, hydric dipotassic citrate K^HHC^H^O^, and 
dihydric potassic citrate KK^lB-C^^^Py ; it forms with dyad 
metals two classes of salts having the following general for- 
mula : M^HHCgH^Oy and M.\(RC^-Rfi^)^. 

566. This acid exists in lemons, oranges, citrons, gooseber- 
ries and many other fruits ; it is prepared from lemon-juice by 
neutralizing it with chalk, after it has fermented a little to 
separate the mucilage and other impurities ; the lime salt thus 
obtained is decomposed with dilute £[2804, and the soluticHi 
evaporated to the crystallizing point. It forms large trans- 
parent crystab, it is very soluble in hot and cold water, and 
also in alcohol ; its solution is acid to test-paper> and decom- 
poses on keeping. Fused with KHO it gives potassic acetate 
and oxalate — CgHgOy -h 4KH0 = 2KC2H3O2 + K^Cf>^ 
+ 3H2O. 

567. Citric acid chars when heated; the charring is attended 
with an evolution of pungent fumes which cannot be mistaken 
for those evolved by tartaric acid. If the acid or a citrate in 
the solid state be heated with concentrated H2SO4, CO, and 
CO2 are evolved without any change of colour in the liquid ; 
the mixture blackens only after long boiling. If a solution of 
potassic permanganate be rendered strongly alkaline, and a 
salt of citric acid be added and the mixture boiled, the solutiou 
gradually becomes green, and so remains on continued boiling. 

568. Both the neutral and acid salts of the alkaline citrates 
are readily soluble in water ; citric acid is not, therefore, pre- 
cipitated from its solutions on the addition of potassic acetate. 
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Citric acid, like tartaric acid, preyents the precipitation of 
alumina, ferric oxide, and other bases, by the alkalies. 

569. A solution of BaClj produces in solutions of the 
citrates a white precipitate of baric citrate, which is soluble in 
much water, in free acids, and in solutions of ammonic salts. 

570. A solution of CaG]2 produces in solutions of citrates, 
but not in citric acid, a precipitate of calcic citrate, which is 
more insoluble in hot water than cold, insoluble in KHO, 
soluble in a cold solution of NH^Cl, from which it is precipi- 
tated on boiUng the solution. Free citric acid must be neu- 
tralized by KHO or !NaHO before adding CaClj to its solution. 

671. Lime-water produces no precipitate in cold solutions 
of citric acids or the citrates ; but on boiling the solution a 
precipitate is produced, which redissolves almost entirely when 
the liquid becomes cold. 

572. If a solution of ferric tartrate is evaporated on the 
water-bath to a syrupy consistence, a solid basic salt is depo- 
sited, but ferric citrate under the same circumstances deposits 
no solid salt. Upon this difference of deportment of the ferric 
salts of the two adds has been based a method for the detec- 
tion of tartaric acid in citric acid ; by this method even minute 
quantities of tartaric acid admit of being detected in citric 
acid; the following is the method: — ^the citric acid to be 
examined is dissolved in water, hydrate of ferric oxide is added 
to the solution in excess and the mixture is heated to about 
90^ C. When the acid has become saturated with oxide the 
iron ia filtered off from the undissolved portion ; the solution 
is then evaporated on the water-bath to a syrupy consistence ; 
if the citric acid contained tartaric acid, there would be formed 
a deposit of an insoluble basic ferric tartrate ; if, on the con- 
trary, the citric acid is pure, there is no deposit from the 
syrupy liquid, it remains perfectly clear. 

573. A solution of plumbic acetate, when added in excess, 
produces in solution of citric acid a white precipitate of 
PbHHC^H407,H20, which, when washed, dissolves readOy in 
ammonia. 

574. Tartaric and citric acids are largely used by calico 



224 THE SPECIAL PBOPEBTISS 

printers as discharges in the production of white spots on a 
coloured ground. 



, Malio Acid, HgC^H^O^. 

Solution for the reactions, 'SdLJ^^fi^. 

575. This acid contains only two atoms of H replaceable bj 
metals, although it is, probably, a triatomic acid. It fomu 
with the alkaline metals a neutral and an acid salt ; it forms, 
also, with calcium and other diatomic metals, an acid as well 
as a neutral salt. Nearly all the malates are soluble in water. 
It is the acid of apples, pears, and various other fruits. It 
crystallizes with great difficulty, it is deliquescent, and is solu- 
ble in alcohol as well as water ; its solution is acid to test- 
paper, and becomes mouldy and decomposes by keeping. It 
can be produced artificially by the action of moist Ag^O on 
monobromosuccinic acid. 

2C4H5Br04 + AggO -f HgO = 2C^fi^ + 2 AgBr. 

It is also produced by the action of nitrous acid on asparagin, 
and on aspartic acid. 

(1) C4H8N2O3 + 2HNO2 = C^H^Oj + 2H2O + 2N,. 
Asparagin. 

(2) C4H7NO4 + HNO2 = C^H^Oj + ttjO + Ng. 
Aspartic acid. 

By the action of HI it is converted into succinic acid — C^H^O, 
+ 2HI = C4HJO4 + HgO -f Lj. K kept at a temperature of 
150° C, it is slowly resolved into water and fumaric add 
(C4H4O4) ; if kept for some hours between 175° and 180°, it is 
resolved into water, fumaric acid, and maleic acid, an acid 
isomeric with fumaric acid. Fused with KKO it splits up like 
tartaric and citric acids into oxalic and acetic acids. Concen- 
trated H<|S04 decomposes the acid and the malates in the solid 
state with evolution of GO ; the mixture blackens only after 
long boiling. 
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• 576. A Bolation of CaClj does not produce a precipitate in 
solutions of the free acid or its salts until alcohol is added. 

677. ** Lime-water produces no precipitate in solutions of 
free malic acid, nor in solutions of malates. The fluid remains 
perfectly clear even upon boiling, provided the lime-water is 
prepared with boiling water." 

578. A solution of lead acetate throws down, from a solu- 
tion of the acid or its salts, a white precipitate of PbC4H405, 
3H2O. If the fluid in which the precipitate is suspended is 
boiled, the precipitate fuses to a mass resembling resin melted 
under water. But this reaction is only distinctly marked when 
the plumbic malate is tolerably pure; if mixed with other 
lead salts, it does not present this appearance, or at least 
imperfectly. 

Benzoic Acid, HC7H5O. 

Solution for the reactions, NH^CyHgO, in water, 

579. This acid is monatomic. It is contained in gum benzoin. 
The pure acid appears under the form of white scales or needles, 
or simply as a crystalline powder. It is readily dissolved by 
alcohol and ether ; it is only slightly soluble in cold water ; 
on the addition of HCl to an aqueous solution of any of its 
salts, it separates from the solution as a white crystalline 
powder. It volatilizes completely when heated, with partial 
decomposition, the fumes cause a peculiar irritating sensa- 
tion, and provoke coughing. When heated in a tube open 
at both ends, a portion of the acid condenses upon the cool part 
of the tube. When heated with concentrated H2SO4 it vola- 
tilizes without carbonizing. 

680. It can be produced artificially by oxidizing bitter 
almond oil, or by boiling hippuric acid with HCl, or by 
oxidizing benzilic alcohol. 

581. BaClg and CaClj do not precipitate this acid under any 
circumstances. 

582. FegClg produces in neutral solutions of this acid a pre- 
cipitate of ferric benzoate, the colour of which is palebuft*; 

15 
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NH^HO in excess withdraws the acid from this precipitate, 
FejHgOg remaining. Perric benzoate differs from ferric suc- 
cinate in this — that it dissolves in a little HCl with separatioQ 
of the greater portion of the benzoic acid. 

SrcoiNic Acid, H2C4H4O4. 

Solution for the reactions, (NH4)2C4H404, in water, 

583. This acid is bibasic, it therefore forms an acid and a 
neutral salt with the alkaline metals. It occurs ready formed 
in amber and in certain lignites. It is crystalline and melts 
at 180°, but begins to emit suffocating vapours below its melt- 
ing point ; it does not carbonize when heated. It is more 
soluble in hot than cold water ; it is less soluble in alcohol, and 
nearly insoluble in ether. Fused with KHO it yields a car- 
bonate and an oxalate, together with a gaseous hydrocarbon. 
It offers great resistance to the action of oxidizing agents ; in 
fact it is a frequent product of the oxidation of organic sub- 
stances, especially fats. It is also formed in many processes of 
fermentation, and we have already noticed that it is produced 
from malic and tartaric acids, by acting on them with 
HI. It is not attacked by concentrated H2SO4, even when 
heated. 

584. The succinates of the alkali-metals and of magnesium 
are easily soluble in water ; those of the alkaline earth metak, 
and most other diatomic metals, are sparingly soluble ; those 
of the sesqui-atomic metals are insoluble. 

685. BaCl^, after the addition of NH4HO and alcohol, pre- 
cipitates this acid from its solutions in the form of BaC4H404, 
benzoic acid does not exhibit this reaction ; succinic acid is 
further distinguished from benzoic acid by not being precipi- 
tated from its soluble salts by the mineral acids. 

586. Fe2C]Q produces, in neutral solutions of the succinates, 
a precipitate of the ferric succinate, the colour of which is 
reddish-brown. It is decomposed in the same manner as ferric 
benzoate by NH4HO. 
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TAiTsnc Acid (Tannin) £[30271115,017. 

Soiutton/ar the> reactions, the acid in water. 

587. This acid is a solid body, of a light straw colour, and 
not crystalline. It is yery soluble in water ; the solution 
absorbs oxygen from the air, which converts the acid into two 
others, gallic and ellagic It is precipitated from concentrated 
solutions by dilute H2SO4 and HOI, in the form of a paste. It 
is also precipitated by dilute starch-paste, by gelatine, and 
albumen. It is completely removed from its solutions by 
placing in the liquid a piece of animal membrane. 

588. f OjOl^j produces, in solutions of tannic acid or tannates, 
a dark blackish-blue precipitate. 

589. Tartar emetic gives in solutions of this acid a white 
gelatinous precipitate. 

590. Ooncentrated H2SO4, treated with the acid or the 
tannates in the solid state, produces a dark purplish-black 
liquid immediately, but does not evolve 00. 

Gallic Acid, H3C7H3O5. 

Solution for the reactione, the acid in water, 

591. This acid is tribasic, it therefore forms with the mon* 
atomic metals three series of salts. It is contained in green an! 
black tea, and in many other plants. It can be produced artificially 
by the action of acids or alkalies on tannic acid. It crystallizes 
in prisms of a silky lustre, of a very pale-yellow colour. It is 
not very soluble in cold water, but dissolves in three parts of 
boiling water. Its alkaline solutions, when exposed to the air, 
become first yellow, then green, red, brown, and finally nearly 
black, owing to the absorption of oxygen. It is not precipitated 
by gelatine or animal membrane. By this behaviour it may 
he distinguished and separated from tannic acid. 

592. FcjOlg produces, in solutions of this acid and its salts, 
a bluish-black colour. 
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593. Concentrated H2SO4 behaves with gallic acid much in 
the same way as with tannic acid. 



Acetic AfjiD, HCjHgOg. 

Solution for the reactions, NaCgHjOg, in toater, 

594. This acid, so well known under the name of vinegar, is 
iDonobasic ; the normal salts are all soluble in water; the nor- 
mal acetates of the alkali metals can combine with a molecule 
of acid as thej do with water. These salts are called diacetates. 
8ome normal salts in the same way can combine with a molecule 
of a metallic oxide or its hydrate, and form basic salts. Solu- 
tions of ferric and aluminic acetates are decomposed by boiling 
into basic salts and free acid which is expelled ; these salta 
experience the same decomposition; if a cotton cloth is im- 
mersed in their solutions and hung up in a moist and warm 
atmosphere ; this process is called ageing by the cotton-printers, 
and the deposit of the basic salts in the cloth is caUed a mor- 
dant, the commercial names of ferric and aluminic acetate solu- 
tions are iron liquor and red liquor, 

595. Acetic acid exists in the juices of many plants, espe- 
cially of trees. It is formed in the destructive distillation of 
organic substances, especially of wood. The greater part of 
the acid used in the arts is obtained from this source, and goes 
under the name of wood vinegar, or pyroligneous acid. Alcohol 
is converted into acetic acid by various processes of oxidation ; 
in the ordinaiy processes for making vin^ar, either from wine 
or malt, an alcoholic solution is exposed to the joint influence of 
air and a ferment. Acetates are formed by heating cyanide of 
methyl (CH3CN) with the caustic alkalies, and by acting on 
sodium-methyl (CHgNa) with CO2, and by other processes. 

596. It is a colourless crystalline solid below 16° C, above 
that temperature it is a thin colourless liquid of an exceed- 
ingly pungent and well-known odour of vinegar. It is misdble 
in all proportions with water, alcohol, and ether, and dissolves 
camphor and several resins. In the liquid state it has a den- 
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sity of 1*063, and boils at 120° C, its vapoor is inflammable 
On account of its solidifying below 16°, it has received the 
name oi glacial acetic acid, in contra-distinction to the mixtures 
of water and the acid which do not crystallize ; it is to these 
mixtures that the name acetic acid is commonly applied. 

597. If ^^2^^ is added to acetic acid, and the acid is then 
nearly saturated with NH^HO, or if a neutral acetate is mixed 
with FejCl^, the fluid acquires a deep dark-red colour, owing 
to the formation of ferric acetate. By boiling, the fluid be- 
comes colourless if it contains an excess of acetate, the whole 
of the Fe precipitating as a basic acetate, in the form of brown- 
yellow flakes. NH4HO precipitates from it the whole of the 
Pe as FejHgOg. By addition of HCl a fluid which is red from 
the presence of ferric acetate turns yellow (difference from 
ferric sulphocyanide). 

598. Acetic acid or acetates when heated with HgCLj pro- 
duce no precipitate of HgOl. 

599. When H2SO4 is added to acetates, the acetic acid is 
liberated, and is recognised by its odour of vinegar. If the 
acetate is distilled with the H28O4, the acetic acid is obtained 
in the distillate. 

600. When acetates are heated with about equal volumes of 
concentrated H2SO4 and alcohol, acetic ether {C2H5,C2H302) 
is formed, which is readily distinguished by its characteristic 
odour. 

601. Concentrated HjSO^ occasions no blackening when 
heated with acetic acid or its salts. 

602. If an excess of PbO be digested in acetic acid, there is 
formed a soluble basic lead acetate, which has an alkaline 
reaction. 

FoKMic Acid, HCHOj. 

Solution for the reactions NaCHOj in water. 

603. This acid is monobasic; all its salts are soluble in 
water; it occurs in ants, in caterpillars, and in several 
secretiona of the human body ; it is present in the juice of the 
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stinging-nettle and other vegetables; it has been found in 
some mineral waters. It maj be prepared by passing CO oyer 
moist KHO ; and by passing COj and aqueous vapour over K 
at a moderate heat, KHCO3 being formed at the same time ; it 
is also formed by acting on HON with an alcoholic solution of 
KEO ; and by distilling dry oxalic acid mixed with glycerin, 
which takes no part in the decomposition, but appears to 
act by preventing the temperature rising too high ; it is formed 
by the partial oxidation of a great variety of organic Jl>odie8, as 
starch, gum, tartaric acid, &c. 

604. This acid is a clear colourless liquid which fames 
slightly in the air ; it has an exceedingly penetrating odour ; 
it boils at 1011° C, and crystallizes in large brilliant plates 
when cooled below — 1° C. Its sp. gr. is 1*235, and it mixes 
with water and alcohol in all proportions. When exposed to 
the action of heat, it volatilizes completely ; the vapour is in- 
iiammable and burns with a blue flame. 

605. The formates are all decomposed by heat; the for- 
mates of the alkalies and alkaline earth metals ignited out of 
contact with air leave carbonates slightly blackened by char- 
coal, CO and H being evolved;* the formates of other metals 
(copper and lead for example) when heated give off CO, CO^, 
and H2O, the metal being left in the metallic state. NH4CHO2 
when exposed to a high temperature is decomposed into HCN 
and H.^O. 

606. If Fe2C]9 is added to a neutral formate, the fluid 
acquires a blood-red colour ; the liquid becomes colourless on 
boiling if an excess of the formate be present, all the iron 
being precipitated in the form of a basic salt. The formates, 
in fact, exactly resemble the acetates in their behaviour with 
ferric salts. 

607. This acid is a powerful reducing agent ; it reduces the 
oxides of the noble metals, yielding HgO and CO^ ; by heating 
it with a solution of AgNOg the Ag is deposited sometimes 
in the pulverulent state and sometimes as a specular coating 

* Baric formate yields the prodacts above mentioned, together with 
gaseous hydrocarbons, viz. marsh-gas, ethylene, and tritylene. 
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on the glass tube ; this reaction distinguishes it from acetic 
acid, which does not reduce the silver nitrate. 

608. If the acid or an alkaline formate is heated to from 60^ 
to 70° C. with HgClg, HgCl precipitates. If the mixture is 
heated to 100'' C, Hg separates along with HgCl. 

609. When dilute H2SO4 is added to formaties the acid is 
liberated and is recognisable by its odoiur ; if the formiate is 
distilled with the H2SO4, the formic acid is obtained in the 
distillate. 

610. Upon heating a formate with a mixture of H^SO^ and 
alcohol, formic ether (C2H5CHO2) is produced, which has an 
agreeable odour resembling peach kernels. 

611. Concentrated H29O4, when heated with formic acid or 
a formate, decomposes the acid into CO and IS^O; there is 
therefore no blackening, howeyer long the heat may be con- 
tinned. 

Fbio acid, H2C5N4H2O3. 

Solution for the reactions, the acid, 

612 This add is bibasic ; it therefore forms two series of 
salts with the monatomic metals, viz. neutral salts and acid 
salts. '* It is a product of the incomplete oxidation of animal 
tissues. In combination chiefly with ammonia it forms the 
principal urinary constituent voided by insects, land-reptiles, 
and birds (whence it is found in guano). Normally it occurs 
but in small proportion in the urine of man, and is found in 
yet smaller proportions in that of carnivorous quadrupeds, and 
can scarcely be said to exist in that of herbivorous and omnivor- 
ous quadrupeds." The solid white excrement of serpents con- 
sists almost entirely of uric acid and ammonic urate. This 
acid has never yet been formed by artificial means. 

613. This acid occurs in delicate white needles; it is 
scarcely soluble in cold water, dilute HCl or HC2H3O2 ; it is 
soluble in alcohol and ether. It dissolves in concentrated 
U2SO4 without apparent decomposition, and is precipitated 
by dilution with water. It is soluble in the alkalies and alka- 
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line salts, from which. solutionB it is precipitated on the addi- 
tion of acids. 

614. Urates, with the exception of the potasHc and sodk 
ones, are almost all insoluble in water ; the ammonic salt is 
extremely insoluble in water ; it is however dissolved by NaCl 
or Na2HP04, sodic urate being formed. 

615. The OALCio sa.lt is white; the fbbbio salt brown; 
the COFFEB SALT green ; the siltbb salt white, rapidly be- 
coming black if the liquid be heated ; the mebcubt and lead 
salts are white. 

616. Uric acid yields by destructive distillation cyanic, 
hydrocyanic, and carbonic acids, anunonic carbonate, and a 
black coaly residue rich in nitrogen. By fusion with KHO 
it furnishes carbonate cyanate and cyanide of the alkaline 
metal. 

617. It dissolves vdth the aid of heat in dilute HNO^ ; the 
solution is attended with effervescence and evolution of red 
fumes, the uric acid being oxidized at the expense of the KNO,. 
If the HNO3 solution be evaporated in a porcelain dish on the 
water bath just to dryness, and a glass stopper moistened with 
strong ammonia-water be then held over the residue in the 
dish, a magnifieent purple colour is produced, owing to the 
formation of Mubexide (CgNgHgOg). 

618. If uric acid be dissolved in sodic carbonate, and a drop of 
the solution be laid on paper moistened with silver solution, a 
hroton spot is formed, argentic carbonate being reduced by uiic 
acid at ordinary temperatures. 

619. Concentrated H2SO4 dissolves uric acid, with the aid 
of heat, without change ; if the jieat be long continued, the 
liquid becomes dark. 



CI^SSIFICATION of the OBGANIC acids, with a DESCBIFTI05 
OF THE FBOCESSES TO BE FOLLOWED IK THE SXAJCIlfATIOK 
OF SUBSTANCES FOB THESE ACIDS. 

Classification of the acids, — The organic acids described in 
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this part (Part I) of this book may be conyenientlj divided 
into four groups, as follows : — 



riBST GBOUP. 

620. Ist Division. — Acid which is precipitated from neutral 
solutioDs in the cold bj CaClg, tabtabic acid ; the properties 
of calcic tartrate are given in par. 561. 2nd Division, Acid 
which is precipitated bj CaClg from boiling solutions rendered 
alkaline by lime-water, citbic acid. Srd Division. — Acid 
which is not precipitated from hot or cold solutions by CaCl2, 
but its calcic salt is precipitated on adding alcohol to the 

solution, MALIC ACID. 

Oxalic, boracic, phosphoric, hydrofluoric, carbonic, arsenious, 
and arsenic acids are also precipitated from neutral solutions 
by CaCljj. 

SECOND GBOUP. 

621. 1st Division. — Acids which give precipitates in neutral 
solutions with FcjClg, taottic, benzoic, and succinic acids. 
Tannic acid gives a precipitate with FcgOlg in acid, as well as 
neutral solutions. The iron salt does not precipitate benzoic 
and succinic acids in the presence of a citrate. 

2nd, — Acids which give a coloration in neutral solutions 
with 'Fe^Cl^j acetic, pobmic, and gallic acids; the two 
former give a reddish and the latter a black coloration. 

Phosfhobic, absenic, and bobacic acids give precipitates 
in neutral solutions with FejCl^, the first two in acid as well 
as neutral solutions. 

THIBD GBOUP. 

622. Acids which are precipitated from neutral solutions by 
AgNOg. Tabtabic, citbic, malic, benzoic, succinic, and 
FOBMic ACIDS. Argentic tartarate, and argentic formate 
are reduced on being heated, Ag separating. 
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FOURTH GROUP. 

Acetic acid, uric acid, 
623. These acids are not precipitated by the group reagents, 
nor do thej give any peculiar coloration with them. 

DETECTIOK OF THE ORGAlilC ACIDS. 

^ 624. Tartaric Acid. — The peculiar and highly character- 
istic odour which this acid evolves on ignition (557), prevents 
it from being overlooked if present in any quantity. But the 
test with acetate of potash (559) ought to be made in all cases ; 
the solution to be examined for tartaric acid must be neutral, 
or if acid the free acid must only be acetic acid or tartaric 
acid. For detecting minute quantities of tartaric acid in tiie 
presence of citric acid employ the method described in par. 
572. 

625. Citric Acid. — Oxalic and tartaric acids, if present, 
require to be removed before examining for this acid, add, 
therefore, to the solution in the cold CaClj and lime-water to 
alkaline reaction ; calcic tartrate and oxalate will be pre- 
cipitated,* filter and heat the filtrate to boiling. Calcic citrate 
will precipitate ; filter and examine the filtrate for malic add 
as directed in next par. 

626. Malic Acid. — To the filtrate from the calcic citrate 
precipitate, is added alcohol, calcic malate will precipitate if 
that acid be present. Malic acid is further distinguished from 
tartaric and citric acids, by not being blackened when heated 
with concentrated H2SO4. 

627. Benzoic Acid. — This acid, in the presence of succinic 
acid, is best detected by treating the iron precipitate of the 
two acids, aft^r it has been washed, with NH4HO, and then 
filtering, fOid after concentrating the filtrate dividing it into 

* The separation of calcic tartrate is promoted by agitation. Caldc 
tartrate is separated from calcic oxalate by treating the precipitate with 
solution of KHO (561). 
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two parts, mixing one part with HCl, when benzoic acid, if 
present, will be precipitated ; in the other part, succinic acid is 
examined for hj adding BaC]^ and alcohol (585). 

628. Sucomio Acid. — This acid is best detected in the 
presence of benzoic acid, by the method described in the pre- 
vious paragraph. The student must remember what has been 
stated in the 2nd group of acids that PojCl^ does not precipi- 
tate these two acids in the presence of alkaline citrates. 

629. Takkio Aoin. — This acid is best detected in the 
presence of gallic acid, bj the method described at 587. 

630. Gallic Aoid. — ^This acid is best detected in the 
presence of tannic acid, by the method described at 591. 

_ 631. Acetic Acid. — This acid is best detected by the 
methods described at 597 and 600. 

632. EoBKic Acid. — This acid is best detected by the 
methods described at 607, 608, and 611. 

633. Uric Acid. — This acid is best detected by the method 
described at 617 and 618. 

634. Pbepabation of the Soltttion. — When the substance 
under examination is soluble in water, or if it is in solution and 
the fluid is water, it requires a little preparation before it can 
be examined with advantage for the organic acids, as it con- 
duces much to the success of the examination if no other metals 
but the alkaline ones are present. In order to remove the other 
metals, the solution has sometimes to be treated with EL^S, and 
(N 114)28 ; but generally it is only necessary to boil the solu- 
tion with a slight excess of ^ajCOg; by this reagent the 
majority of the metals, especially if citric acid is absent, except 
the alkaline ones, are removed. After the solution has been 
boiled for some time it is filtered, and to the filtrate is added 
HNO3, very slightly in excess ; the solution is then gently 
heated in order to expel the CO2. After this, NH4HO is 
added in very slight excess ; and when it is required to have 
the solution perfectly neutral, as in testing with AgNOj, and 
Ve^C]^* the solution, which has been rendered slightly alkaline 
with KH4HO, is boiled in an evaporating dish until it is neu- 
tral to test-paper. When ammonic salts are present in the 
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substance under examination, the solution must, even if no 
other metals but the alkaline ones are present, be boiled with 
Na^COg, until all the NH^HO is expelled, and the solution is 
theu rendered neutral in the way just stated. 

635. When ^82003 fails to precipitate the metals, as it 
will frequently when the organic acid is non-nolatUe, espemllj 
if it be citric acid, add to the solution neutral lead acetate in 
excess, collect the precipitate and wash it thoroughly, then 
suspend it in water and pass 'H.^ through the mixture to excess, 
filter off from the PbS, and after expelling the excess of H^ 
from the filtrate by heating it, neutralize exactly with NsjCOj 
and then examine for the acids. 

636. It is frequently advisable to separate the volatile acids, 
for this purpose the solution must be treated, if not acid already, 
with dilute HjSO^, and then distilled in a small retort, the 
liquid in the retort must be heated gently, not to boiling, and 
the distillate must be collected ; the distillate may contain the 
following acids :— HCy, HCl, HBr, HI, HNOg, HCHO^, 
HC2H3O2, H2C4H4O4, and HC7H5O. 

637. JPreliminary examination for orgamc acids. Heat a 
portion of the dry solid in a test-tube, with 3 or 4 times its 
volume of concentrated H2SO4, the organic acids treated of in 
this part of the book, show the following behaviour : — Tartaric, 
tannic, and gallic acids, are immediately blackened ; CO^ is 
evolved at the same time from tartaric, but not from the other 
two acids. Citric, malic, and uric acids are not blackened 
unless boiled with the H2SO4, for some time, citric acid evolves 
CO, and CO2, and malic acid, CO, on being acted on bj 
H2SO4. Benzoic, succinic, and acetic acids are not blackened 
under any circumstances by H2SO4, but they volatilize in an 
unchanged state. Formic acid is decomposed on being 
heated with H2SO4 into CO, and HjO without any black- 
ening. 

638. Answers to the following exercises must be written 
out. 
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EXSBOISXS. 

160. What is the source of tartaric acid, and how is the acid 
obtained in the &ee state ? 

161. How is succinic acid distinguished from benzoic acid P 

162. How can formic acid be obtained from inorganic 
sources, and'what is the action of concentrated H2SO4 upon it ? 

163. Give the formuhi for tartar, Hochelle salt, argol, tartar 
emetic, and cream of tartar. • 

164. A crystalline powder, representing a sample of organic 
acid, is giyen to you, and you are asked to say whether it is 
tartaric, citric, or oxilic acid. .What tests would you apply 
for the solution of this problem ? 

165. How is succinic acid converted into malic and tartaric 
acids, and how is tartaric acid reconverted into malic and suc- 
dnic acid ? 

166. How would you distinguish a tartrate from an oxalate 
and a citrate respectively ? 

167. Describe some methods for the manu£eicture of citric 
add, and state some of its applications. 

168. Malic acid is extracted from the juice of the mountain- 
ash berries ; there are present along with it small quantities of 
tartaric and citric acids. The following method is followed for 
its extraction. Explain the different parts of the process. 
The juice, after being filtered, {^partly neutralized with KgCOg, 
but the solution must still redden litmus pretty strongly, solu- 
tion of Pb (1^03)2, or Pb(C2H302)2j is then added in excess, a 
curdy precipitate is formed, the mixture is then set aside for 
some days ; with the exception of the mucous flocculent com- 
pound of lead and colouring matter, the precipitate by standing 
becomes converted into small needles ; these are carefully freed 
from the colouring precipitate and other impurities by washing, 
they are then boiled in a quantity of dilute H2SO4 not sufficient 
to decompose the whole of them, as long as any granular deposit 
continues to subside : to the mixture is then added an aqueous 
solution of BaS, until a filtered sample is found to contain Ba; 
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the liquid is then filtered and the filtrate is boiled with an 
excess of BaCOg ; the mixture is again filtered, and the Ba is 
precipitated from the filtrate by the careful addition of dilute 
H2SO4 ; the liquid is again filtered and the filtrate evaporated 
to the crystallizing point. 

169. From the properties and reactions which have been 
given of oxalic, tartaric, citric, and malic acid, devise another 
method which, from its cheapness and simplicity, would be 
suitable aa a manufacturing process for the extraction of malic 
acid from vegetable juice, containing small quantities of oxalic, 
tartaric, and citric acids. 

■ 

Examination of Liquids and Solids. 

examination op a liquid. 

639. The student, after he has passed through the different 
groups of bases and acids, in the manner previously described 
commences the analysis of liquids, in which he has to look for 
all these bases and acids, with the exception of the organic 
acids.* 

640. Before commencing the actual analysis, it is necessary to 
ascertain by preliminary experiments — 1. Whether there is 
a/Mf solid substance in solution. 2. Whether the solution is 
neutralf acid, or alkaline. 

641. Ist. To ascertain whether there is any solid substance in 
solution, — Evaporate, by a gentle heat, a portion of the liquid 

* The student will find it conduciye to his success in many respects, if 
he does not engage in the detection of organic acids until he enters opon 
the examination of solid substances. He will, of course, in prtuHee, hsve 
always first to ascertun whether organic substances are really present or 
absent in a solution, before he commences the actual analysis^ as the pre- 
sence of fixed organic matter prevents the detection of many inorganic 
substances ; he will, likewise, in practice, have frequently to separate, by 
distillation, the liquid from the solid portion of a solution, in order to be 
perfectly certain that the fluid is water, and not any other liquid. This 
he will ascertain by examining the distilled fluid by the smell, taste, 
boiling pointy specific gravity, &c. 
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to dryness, on platinum-foil. If no residue remain, it is pro- 
bably pure water, which will be further confirmed if it has no 
action upon test-paper. If a residue remain, which is com- 
pletely volatilized when the temperature is increased, the 
only basic substances which can be present are NH4, Hg, As, 
and Sb. If the residue is not volatile, or at least not com- 
pletely so, other substances besides these must be present. In 
both cases it is requisite to perform the next experiment. 

642. 2nd. The solution is examined bj weU-prepared test- 
papers, as to its neutrality, &c. «Each of the three cases which 
may occur, and the conclusions to which thej^ lead, are con- 
sidered in pars. 64^, 645, 64:6, 

643. The solution is neutral, A large number of substances 
must therefore be absent, because the soluble neutral salts of 
the greater proportion of the metals possess an acid reaction. 
The only salts which are neutral to test-papers are the soluble 
salts of silver and manganese, and some of the soluble salts of 
the alkalies and alkaline earth metals ; some of the salts of 
these metals are therefore the only ones which can be present ; 
but to distinguish still ^ther, add to a portion of the solution 
(JSH^^, if no precipitate is formed, Ag and Mn are absent, add 
then to the solution Na^CO^ and boil, if this produces no pre- 
cipitate the metals of the alkaline earths are absent ; the only 
metals therefore which can be present are the alkaline metals. 
If (N'Bi^^ produces no precipitate, but a precipitate is pro- 
duced by the Na^COs, ^^^ alkaline earths and the alkaline 
metals have to be sought for, and if both reagents produce a 
precipitate, the one by (NH4)2S being black, then all the 
metels whose salts axe neutral to test-paper must be sought for. 
Add HCl in the first instance, filter off from the insoluble 
AgCl, and add to the filtrate NH4CI, NH4HO, and (NHJgS ; 
if a precipitate is produced filter and examine the filtrate for 
the members of the 2nd and 1st groups in the usual manner. 

644. Examination for the adds, — Very few acid radicals can 
be present if Ba, Mn, or Ag are present, as so many of their 
salts are insoluble in water, and some of the baric salts which 
are soluble in water are alkab'ne to test-paper ; and if K, JSTa, 
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and NH4 are the only basic radicals that are present, a large 
number of acid radicals must be absent, as so many of the 
alkaline salts are alkaline to test-paper ; add to separate por- 
tions of solution BaClj and AgNO^^ according to par 650. 

645. The solution is acid. The acidity may proceed from 
the presence of a free acid, an acid salt, or a neutral salt 
having an acid reaction. To ascertain to which of these 
causes the acidity is due, place the end of a glass rod moistened 
with a solution of Na2C03, into a portion of the fluid in a 
watch-glass. If the solution becomes turbid and remains so, 
it is due to the presence of a neutral salt ; if it becomes clear 
again, the reaction is due either to an acid salt or a free acid. 
Carbonates and sulphides cannot be present in an acid solu- 
tion. Examine for the basic constituents in the usual manner. 
Examine for the acids according to par. 546 if it is a neutral 
salt having an acid reaction ; if an acid salt or a free acid is 
present, examine according to par. 547. 

646. The solution is alkaline. The alkalinity may proceed 
from an alkaline carbonate, silicate, borate, or phosphate ; or 
it may arise from the presence of a free alkali or alkaline earth, 
or from the cyanogen and sulphur compounds of these metals. 
If the alkalinity proceeds from ammonia or its carbonate, a 
large number of substances (those which are insoluble in these 
reagents) must be absent. If it is due to the presence of the 
fixed alkalies or their carbonates, a still larger number of sab- 
stances are excluded. If it is occasioned by the sulphides of 
the alkaline, or alkaline earth metals, all the metals whose sul- 
phides are insoluble in water and alkaline sulphides must be 
absent. Examine for the basic constituents in the usual 
manner, paying strict attention to the precautions given in 
pars. 376 and 377. Commence the examination of the adds 
by rendering the solution exactly neutral with HNO3. If no 
precipitate is produced on neutralizing the solution, proceed 
with the examination according to par. 550 ; if a precipitate is 
produced on neutralizing the solution, filter, examine the filtrate 
according to par. 550 ; and treat the precipitate according to 
par. 547. 
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647. The student should neyer employ the whole of the 
solntion at his disposal, but should always reserve a portion, in 
the event of any unforeseen accident occurring, and for confir- 
matoiy experiments. 

648. If the liquid under examination contains inorganic 
matter in suspension,* the latter, after being separated by 
filtration, must be brought into solution according to the me- 
thods described under the head of ^* Solid Substances." The 
solid and liquid portions ought in most cases to be examined 
separately. 

649. Answers to the following exercises must be written 
out. 

EXEBCISXS. 

170. A solid iuOTganic substance volatilizes completely at a 
heat below redness. How does this observation simplify its 
subsequent examination ? 

171. A solution is neutral to test-paper, and the only metals 
present are K, Na and Ca, what acids must be absent P 

172. A solution is alkaline to test-paper, the alkalinity is 
due to the presence of ammonic carbonate ; what substances 
must be absent P 

173. A solution acid to test-paper is colourless, what sub- 
stances must be absent P 

174. A solution acid to test-paper contains Ba and Ag, what 
acids must be absent P 
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650. The substance is first examined as to its lustre, colour, 
odour, and whether it is crystalline or amorphous, since these 
will frequently afibrd a means of classifying the substance. 

* The method of preparing for analysis a solution which is thick or 
torbid firom the presence of organic matter, is described ander the head of 
** Solid Snbstances containing Organic Matter" (par. 731). 

16 
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Thus, a metallic lustre will indicate probably a pure metal or 
an alloy. A blue colour will indicate the probable presence of 
some salt of copper ; a crystalline structure the probable pre- 
sence of a Bait. 

65-1. The Sitbstancb will xithsb bb a Pube Metal or 
AN Allot, ob it will not. 

652. If it is a pure metal or an alloy treat it according to 
par. 737, after it has been examined in a glass tube closed at 
one end and exposed on charcoal to the reducing flame of the 
blowpipe * (see pars. 656, 2nd and 4th). 

653. If it is neither a pure metal nor an alloy, it will he free 
from or contain oboanic iiattbb which will be ascertained in 

making the preliminary experiment (par. 656, 2nd). When, it 
is destitute of organic matter, treat it according to par. 717. 
When it contains organic matter, according to par. 731. 

654. It has already been stated that the substance is sub- 
mitted to different blowpipe operations before ascertaining 
in what liquid it \iill dissolve ; the blowpipe operations and the 
order in which they are to be performed are described in the 
next paragraph. In these blowpipe experiments, only small 
quantities of the substance ought to be employed ; for if too 
much is operated upon, uncertain results are the consequence. 
A particle the size o£ a mustard seed is sufficient, and that of 
the flux added about the size of a hemp seed. In reduction?, 
a larger quantity may be employed, because, in that case, the 
more metal is produced, the more easily can its nature be as- 
certained. In all cases the substance operated upon must be 
reduced to the finest powder. 

655. We give — 1st, the blowpipe operations ; and 2nd, 
Bunsen^s flame reactions.^ We recommend the student to make 
himself acquainted with both modes of examination. 

656. The following are the principal blowpipe operations 
and the order in which they are to be performed : 

* Those are the only blowpipe ezperimentfl which require to be made 
with a pure metal or an alloy. 

t The stadent must study carefully the paragraphs under the head 
" Blowpipe/' in Part III, when he makes these experiments. 



OF SOUP SCBSTA^CES. 243 

1st. Examine whether the substance imparts a colour to tt:e 
flame, see Table pnge 214, and par. 660. 

2nd. Examine the substance in a glass tube closed at one 
end, see Table YIII, and par. 670. 

3rd. Examine the substance in a glass tube cpen at both 
ends, see par. 676. 

4th. Expose the substance to the inner blowpipe flame on 
charcoal, see Table IX, and par. 6b2. 

5th. Treat the substance with protonitrate of cobalt on 
charcoal, see Table X, and par. 6S4. 

6tli. Examine the substance with carbonate of soda on char- 
coal, see Table X, and par. 6S5. 

7th. Puse a portion of the substance with borax on platinum 
wire, see Table X, and par. 700. 

8th. Examine the substance as to its fusibility, sec par. 
702. 

657. CoLOBATiOK or THE Elame. — As many substances 
tinge the lamp flame with yarious characteristic colours, the 
substance under examination ought to be submitted to the 
flame in order to ascertain the presence or absence of these 
substances. To obtain the colour the substance ought to be 
exposed to the flame on a platinum wire, and the experiment 
ought to be conducted in a dark room. 

658. Merz, who has made a complete investigation of this 
subject, employs Bunsen's burner, and also a flame of pure 
hydrogen, and in addition makes use of blue, violet, red, 
and ^reen glasses. The substances which he describes as 
giving characteristic colours to the flame of Bunsen*s burner, 
in addition to those previously known, are nitric and chromic 
adds, while phosphoric and sulphuric acids give a peculiar 
coloration to the dark core of the flame of hydrogen. 

659. The flame of Bunsen's burner gives three sorts of 
colour: a. Boeder coloxjbs. These are of course peculiar 
only to the most volatile substances. To produce them, the 
loop of platinum wire is to be held outside of the flame about 
one or two millimetres from the lower portion of the outer 
limit, h. Mantle coloubs — those, namely, which are seen 
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when the substance is held in the bright blue-coloured mantle 
which forms the outer portion of the flame, e. Flams co- 
LOiTRS. To produce these, the loop is to be held horizontally 
and in the hottest part of the mantle. The hydrogen flame 
yields another species of colour, viz. the cobb colottbs. 
These are produced only by sulphuric and phosphoric acids, 
which communicate respectively a blue and green tinge to the 
cold core of the hydrogen flame. 

660. The following is a list of the substances* which colour 
the flame, with the colour they impart : 



Intense blue 
Pale clear blue 
Light blue . 
Greenish blue 
Blue mixed with green 
Blue core colour . 



BLUE FLAMES. 

(Consult pars. 661 and 662.) 

Cupric chloride. 

Lead. 
. Arsenic. 

Antimony. 
. Cupric bromide. 
. Sulphuric acid. 



OBEEN FLAMES. 

(Consult pars. 663, 664, and 665.) 



Bronze-green border colour 
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Greenish-blue border colour 
Green mantle colour 
Grey yellow-green border colour 
Fellowish -green flame colour 
Dark green .... 
Pull green .... 
Intense emerald green 
Emerald green, mixed with blue 
Pale green .... 



Nitric and Nitrous acids. 
Ammonic compounds. 
Cyanogen „ 
Hydrochloric acid. 
Boracic acid. 
Phosphoric acid. 
Baric compounds. 
Iron-wire. 
Copper. 

Cuprous iodide. 
Cupric bromide. 
Phosphoric acid. 
Zinc. 



Intense whitish green . 
* In this list only tbe more commonly occurring substances are given. 
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BSD FLA^mSS. 

{Consult part. 666, 667, and 66S.) 

Intense crimson .... StroDtic compounda. 

Beddiah purple .... Calcic compounds. 

Violet Potasflic compounds. 

Dark brownish-red border colour 7 /.,« ., 

and a rose-red manUe colour j Chromic acid. 

YELLOW FLiJCES. 

{Consult par. 669.) 

Yellow ..... Sodic compounds. 
Feeble brownish yellow . . Water. 

661. Blue Flames. — CUCI2 gives an azure-blue zone, and 
Cu(NP3)2 a pure green flame colour. Bj the combined obser- 
vation of both colours, Cu may be distinguished from all other 
metals which give similar colours. The other flame colouring 
metals, sach as As, Sb, Sn, Pb, Hg and Zn, exhibit, especially 
in the form of chlorides, more or less intense bluish or greenish 
mantle colours, which however cannot be advantageously used 
as reactions for the metals themselves. 

662. Sulphuric acid produces a beautiful blue core colour, 
being reduced to SOj. The free acid gives the colour when 
the platinum loop is held in the border of the flame, but a sul- 
phate must be held in the middle of the flame. In the latter 
ease, it is well to dip the test into strong HCl or fluosilicic 
add. 

663. Obseit Flames. — Nitric and nitrous acids give a bronze- 
green border colour, usually with an orange-coloured border. 
The teat is to be previously dried in the flame, and dipped into 
a solution of KHSO4, or into dilute HCl, according as we wi^ih 
to test for nitric or nitrous acid. Ammonic and cyanogen com- 
pound give the same bronze-green border, but more faintly. 
HCl gives a very weak greenish-blue border colour, which lasts 
for a very short time, and therefore does not deserve attention. 
The acid is however decomposed, and the CI may easily be 
recognised. 
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664. Boracic acid gives a beautiful green mantle colour, 
which is so intense that the acid may be recognised in the 
presence of large quantities of phosphoric acid. Borates are 
to be decomposed with H2SO4. Phosphoric acid gives a grey 
yellow-green border colour as well as a beautiful green core 
colour. The dry test is to be dipped into H2SO4 and held in 
the flame in the manner already pointed out, in order to show 
the border colour. The green core colour is less sensitive, but 
indispensable in recognising phosphoric acid in the presence of 
large quantities of boracic acid, and is produced by alternately 
moistening the test with a solution of fluosilicic acid, and 
igniting it in the hydrogen flame, until the colour distinctly 
appears. 

665. Ba may be recognised by, the yellowish-green flame 
colour which appears blue green through the green glass. If 
the green disappears, and a red flame colour makes its appear- 
ance, the test is to be repeatedly moistened with HCl, 
and immediately introduced while wet into the hottest part of 
the flame. When the blue-green colour is no longer seen, 
proceed to examine for Ca. 

666. EsD Elames. — Ca is present when the red flame 
colour, on evaporating the last portion of HCl, appears siskin 
green through the green glass. Sr gives in this case a weak 
yellow. Sr may be recognised by the purple or rose colour 
which is seen through the blue glass, when the test, after 
moistening with HCl, is evaporated to dryness in the flame. 

667. K gives a grey-blue mantle colour, and a rose-violet 
flame colour. These colours appear reddish violet through 
the blue glass, violet through a violet glass, and blue green 
through a green glass. The test is to be moistened with 
iIaS04, and repeatedly exposed to the flame for a short time. 

668. Chromic acid gives a dark brownish-red border colour, 
and a rose-red mantle colour. The dry test is to be moistened 
with concentrated H2SO4, and held in the border. Chromic 
oxide gives no colour, and is to be flrst oxidized to chromic 
acid by moistening with a solution of sodic hypochlorite and 
drying. 
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669. Yellow Flames. — Na gives an orange-yellow flame 
colour, which in yerj large quantities appears blue, but in 
small quantities is invisible through the blue glass. Through 
the green glass the flame appears orange yellow, even with the 
smallest quantities ; this glass is particularly adapted to the 
recognition of Na in all its com^^unds. The test is to be 
moistened with H2SO4, dried and held in the hottest point of 
the flame.* 

670. Examination of the sttbstaitcs in the glass tube 
closed at one end. — The tubef having been thoroughly 
cleaned and dried, tL^maU portion, in the state of powder, of the 
substance to be examined is introduced into it, and heated 
over a spirit or gas lamp, at first gently in order to ascertain 
whether any yolatile substances or obganic matter form 
part of it ; the tube is subsequently heated more strongly with 
the blowpipe until the glass begins to soften ; for the changes 
consult Table X, and pars. 671, 675. 

671. Gases ob eumes escape. — " Observe whether they 
have a colour, a smell, an acid or alkaline reaction, whether 
they are inflammable, <&c. 

Isl;. ^* Oxygen. — The disengagement of this gas indicates the 
presence of peroxides, chlorates, nitrates, &c. A glimmering 
slip of wood is relighted in the gaseous current. 

2ni " Sulphurous acid. — ^This is often produced by the de- 
composition of sulphates, it may be known by its peculiar 
odour and by its acid reaction. 

8rd. " Syponitric acid, resulting from the decomposition of 
nitrates, especially with oxides of the heavy metals ; it may be 
known by the brownish-red colour of the fumes. 

4th. — " Carbonic acid. — The evolution of COg indicates the 
presence of carbonates decomposable by heat. The gas evolved 
is colourless and tasteless, non-inflammable ; a drop of lime- 
water on a watch-glass becomes turbid on exposure to the 
gaseous current. 

* For this deflcription of flame coloration I am indebted to Merz's 
paper on the subject, 
t For the size of the tabes see ** Blowpipe,'' Part IIL 
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5tli. ** Carbonic oonde, — The escape of this gas indicates the 
presence of oxalates and also of formates. The gas bums with 
a blue flame. In the case of oxalates the CO evolved is gene- 
rally mixed with COj, and is therefore more difficult to kindle; 
in the case of formates the evolution of the gas is attended 
with marked carbonization. Oxalates evolve CO2 when brought 
into contact with MnOj, a little water, and some concentrated 
H2SO4, on a watch-glass ; formates evolve no CO2 under simi- 
lar circumstances. 

6th. " Cyanogen, — The evolution of CN denotes the presence 
of cyanides decomposable by heat. The gas may be known by 
its odour, and by the crimson flame with which it bums. 

7th. ^^ Hydroaulphuric acid, — The escape of HgS indicates 
the presence of sulphides containing water ; the gas may be 
readily known by its odour. 

8th. ^^ Ammonia resulting from the decomposition of ammo- 
nic salts, or also of cyanides or nitrogenous organic matterSy 
in which latter case browning or carbonization of the sub- 
stance takes place, and either cyanogen or offensive empyreu- 
matic oils escape with the NH3." — Fresenius's ' Chemical 
Analysis.' 

9th. Nitric acid,Jlitorine, chlorine, bromine and iodine, — ^The 
detection of these in the preliminary examination is best 
effected by mixing the substance under examination with 
rather more than its own weight oi fused KHSO4, and then 
heating the mixture in a glass tube closed at one end ; before 
making the examination the student ought to consult pars, 
a, bf c, 

a. Nitric acid, — If a nitrate is present, nitrous fumes are 
disengaged, the colour of which may be best perceived by 
looking directly down the neck of the tube, inasmuch aa a 
thicker stratum of the gas is in this way seen. 

b. Fluorine. — According to Berzelius the substance ought, 
for the examination of F, to be mixed with four times its weight 
of fused KHSO4, and the tube, after the introduction of the 
mixture, strongly heated with the blowpipe flame until H3SO4 
begins to be evolved, and in order to avoid too great frothing 
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up, the mass should be heated from the top downwards. If F 
is present, the tube will be encrusted more or less with silica 
deposited from the fluosilicic acid gas which passes off. The 
lower extremity of the tube containing the fused mass is then 
cut off, and the upper part rinsed out with water and dried 
with blotting-paper. If much E is present in the substance 
operated upon, the glass tube will be dull all over its inner 
surface, but if a small quantity only is present, the corrosion 
will be only partial. 

c. Iodine, bromine and chlorine, — Violent fumes of I are 
evolved, along with SOj* on heating a substance containing an 
iodine compound with KHSO4 in the tube ; some of the I is 
generally deposited as a black sublimate on the upper part of 
the tube. Br and CI are in like manner evolved from their 
compounds. 

672. Aqueous Vapours abb given off. — The water may 
have existed either mechanically, or as water of crystallization, 
or as constitutional water. If the body decrepitates on ig- 
nition, the decrepitation is due probably to the presence of an 
anhydrous salt which contains water mechanically between 
its crystaUine plates and the expulsion of which gives rise to 
the decrepitation. If the water is present as water of crys- 
tallization, the crystalline body will generally fuse during the 
expulsion, and resolidify after it ; some substances swell con- 
siderably during the expulsion — borax and alum for example. 
If the water comes from some decomposable hydrate, the sub- 
stance will not fuse during its explosion. 

673. A Sublimate is fokmed. — The sublimate may be due 
to some volatile metal, metallic oxide, volatile salt or non- 
metallic body. 

a. The volatile metals are principally As, Hg, and Cd ; these 
metals form a black or grey sublimate having more or less of a 
metallic lustre. As is sublimed not only when it exists in its 
free state, but also from some metallic arsenides, which are 
decomposed by heat into As and an arsenide containing a less 
quantity of arsenic ; a few arsenites also yield As when heated 
out of contact with the air. Hg may be sublimed from most 
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of its compounds ; if the quantity is inconsiderable, it maj 
only yield a grey sublimate ; the globules can sometimes be 
rendered apparent by touching the sublimate with a glass rod« 
or on examining the sublimate with a lens. Cd may be sub- 
limed from some of its alloys ; it may be recognised by heating 
it in contact with the air when it becomes conyerted into the 
brownisli-yellow oxide. 

h. Y0LA.TILE Metallic Oxides. — SbgO^ first fuses iato a 
yellow liquid, and then sublimes under the form of shining 
crystalline needles. The sublimate A82O3 may either be in 
the form of shiuing crystals or in the form of a white powder 
which the magnifying glass reveals however to be crystalline. 

c, YoLATiLE SALTS. — Ammofiic salts form white sublimates; 
heated with NaHO and a drop of water on platinum foil, they 
evolve NH3. HgClg begins to melt at a very gentle heat and 
then sublimes ; HgCl sublimes without previous fusion ; the 
sublimate has a yellowish tinge whilst hot, but is perfectly 
white when cold. Hgl^, which is red, yields a yellow subli- 
mate which becomes red by trituration. HgS gives a black 
sublimate which acquires a red tiot when rubbed. When 
mercury compounds are mixed with NaHO, and then heated 
in the tube, a sublimate of mercurial globules will be obtained. 
FbClj first fuses and then sublimes. The sublimate of arsenic 
sulphide may be easily mistaken for pure sulphur. 

d, NoN-METALLio BoDiES. — S sublimes in reddish-brown 
drops, which solidify on cooling, and turn yellow or yeUowich 
brown. The S may be present merely in the state of miitur«^, 
or it may be combined with some metal which abandons a 
portion of it when heated out of contact of the air. Oxalic 
acid yields a white crystalline sublimate attended with thick 
fumes ; the sublimate when heated on platinum foil with a 
drop of concentrated H2SO4 gives rise to a copious evolution 
of gas. 

674. The Non- volatile Matteb.— The non-volatile por- 
tion of the substance may liquefy, carbonize, or merely change 
colour : — 

a. If it liquefies without expulsion of aqueous vapour and 
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resolidifies when the heat is remoYed, the liqaefaction may be 
due to yarious substances, as argentic chloride, the alkaline 
nitrates and chlorates, &c. If by intense heat, O is evolved, 
and if a small piece of charcoal on being thrown into the fused 
mass is readily consumed, nitrates and chlorates are indicated. 

b. If it carbonizes organic matter is present. " Carboniza- 
tion in always attended with evolution of ga^es (acetates evolve 
acetone) and water, which latter has an alkaline or acid reac* 
tion. If the residue effervesces with acids, whilst the original 
substance did not show this reaction, organic acids may be 
assumed to be present in combination with the alkalies or 
alkaline earths." 

c. It changes colour. " From white to yellow, turning white 
again on cooling, indicates ZnO ; from white to yellowish- 
brown, turning to a dirty light yellow on cooling, indicates 
SnOj ; if the colour changes from white to brownish red, turn* 
ing to yellow on cooling, and the body is fusible at a red heat 
this indicates the presence of PbO ; if the colour changes from 
white, or pale yellow, to orange yellow, or to a deeper and 
more reddish tint up to reddish brown, becoming pale yellow 
on cooling, and the body fuses at an intense heat, this indi- 
cates the presence of 61203 ; if the colour changes from red to 
black, turning reddish-brown again on cooling, this indicates 
the presence of FegOj ; if the colour changes from yellow to 
dark orange, and the body fuses at an intense heat, this indi- 
cates K2Cr04, &c." 

675. In case of the non-appearance of any of these reactions 
it must not be always concluded that the above-mentioned 
bodies are entirely absent ; for S and As may be present in 
such forms that the simple application of heat will either not 
sublime them or will expel them in combinations which afford 
none of the distinctive characters of the simple bodies ; more- 
over, two or more of these may be present together in a sub- 
stance, and afford sublimates having mixed characters, so that 
the individual elements are difficult to distinguish. Such is 
frequently the case with As and 8, which, together, form a 
coating on the tube having a metallic lustre at its lower extre- 
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mitj, and passing upwards successively into black, brown, red 
and finally ycUow — these colours being due to combinations 
of S and As, which are more volatile than As ; therefore, the 
examination of a substance in the glass tube affords frequently 
no positive indication of the presence of a body, but merely 
intimates its probable existence, to establish which further in- 
vestigations are necessary. Such intimations are, however, of 
importance, as they serve as guides in after-processes. 

676. Examination ik the open Tube. — A small particle 
of the substance, in powder, is introduced into the tube at about 
half an inch from its extremity, and gradually heated, the tube 
being held in a slightly inclined position, so that a current of 
air may pass fully through it. By this means the substance is 
roasted, or oxidized, and various matters contained in it are 
volatilized and pass off up the tube. 

677. The roastiog must be performed slowly, with a gra- 
dually increasing temperature, and with a good current of 
air* passing through the tube, otherwise unoxidized matter 
may be volatilized and the mineral substance clotted and fused 
together. If a perfect roasting be required, the substance, 
after being heated for some minutes in the tube, is shaken out 
into an agate mortar, remixed and roasted, and this process is 
repeated until fumes are no longer evolved. (Coii^ult pars. 
678 to 681.) 

678. Almost all metallic sulphides disengage on roasting 
SO2 ; some sulphides yield besides a sublimate of S. 8O2 may 
be recognised by its odour or by its decolorizing moistened 
Brazil-wood paper ,t a strip of which ought to be introduced in 
the interior of the raised end of the tube. 

679. Fluoeine. — Very minute quantities of F can be de- 
tected by the following method : — " Microcosmic salt, which 

* By inclining^ the tube more or less, we have the means of regulating 
the current of air; very little parses through the tube when it is held in a 
horizontal position, but it becomes more and more active as the tnbe is 
held more and more vertically. 

t Prepared by moistening slips of fine printing -paper with decoction of 
Brazil wood. 
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has been preyiouslj fused upon charcoal or platinum, is finely 
powdered and mixed with some of the substance to be ex- 
amined also finely pulverized. A portion of the mixture is 
introduced into an open glass tube, and the blowpipe flame so 
directed upon it, that a part of the flame passes up the tube. 
By this means HF is formed (if the substance be free from 
silica), which passes up the tube and may be recognised both 
by its peculiar pungent smell and by the mode in which it cor- 
rodes the sides of the glass tube, rendering them dull and opaque 
wherever any moisture condenses. If Brazil-wood paper 
moistened be exposed to the action of the gases passing up the 
tube, it will be coloured yellow, afibrding another indication of 
the presence of E. If the substance also contains silica, fluoride 
of silicon will be formed, which also colours yellow moist 
Brazil-wood paper, and is decomposed by water,* silica being 
formed, which, as the water evaporates, is deposited on the 
sides of the tube, and is clearly perceptible either with or 
without the aid of a lens. If now the tube be washed out 
with water and dried, it will be generally found corroded by 
the P, which leaves a dull spot wherever it attacks the glass. 
As this experiment requires the application of a strong heat, 
so that the glass tube is frequently softened and bent, thus 
interfering materially with the success of the experiment, 
Smithson has recommended a piece of platinum foil to be bent 
into the form of a gutter and inserted to about half its leogth 
into the glass tube; the mixture of the fused microcosroic 
salt and the substance under examination is laid upon the 
projecting part of the platinum, and the flame so directed upon 
it that the products of combustion pass up the tube. This 
arrangement has the advantage that the fused substance does 
not come in contact with the glass tube, and the inconve* 
niences attending the fusing and softening of the glass are 
altogether avoided. 

680. A sublimate may be formed in the second operation 
when none has been formed in the first, as Bi203 will be 

* Water will be present owing to the prodncts of the comLastion of the 
lamp passing up the tnbe. 
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formed when the BigSg or a bismuth alloy (scarcely any subli- 
mate is produced on roasting Bi itself) is present in the sab- 
stance under examination, and PbS04 will be formed if PbS is 
present ; in like manner, A82O3 and SbjOg will be formed if an 
arsenide or an antimonide is present. If the fnmes formed 
have an odour of garlic it shows the presence of As. 

681. All the sublimates which are formed by oxidizing sub- 
stances in the open tube are white, but the coloured sub- 
stances which are volatilized in the closed tube are stiU more 
easily volatilized in the open tube; for it need scarcely be 
observed that most of the reactions produced in the closed tube 
are also produced in the open one. 

682. Examination on Chabcoal. — Most of the reactions 
described in pars. 670 to 679 are also produced on the charcoal ; 
but only those reactions which are special to this operation are 
noticed in Table IX and text. 

683. In addition to the points which require to be attended 
to, as pointed out in the table, it should be particularly noticed 
whether the substance disengages a peculiar odour, as As and 
S might be detected by the odours they produce ;* and it 
should also be noticed whether the substance fuses ; the oxides 
and acids which fuse are the oxides of Sb, Bi, Pb, and Cu. 
'* Most metallic sulphides fuse when heated before the blow- 
pipe upon charcoal, and this effect often takes place with sul- 
phides of those metals, whose oxides are infusible ; but many 
of these sulphides become rapidly oxidized during the opera- 
tion, and exhale an odour of SOj in the same way as when 
heated in the open tube, and are thus converted into metallic 
oxides. Most metals fuse before the flame of the blowpipe ; 
and all of them, except those called noble, are subsequently 
oxidized by the exterior flame.*' After this examination is com- 
plete, the substance must still be retained on the charcoal for 
the examination with Co(]N'0.j)3. 

684. Teeatment with Cobaltic Niteate. — No exphma- 
tion beyond that given in Table X is required. 

* It mast be remembered tbat charcoal }>ecome8, on exposure to Clie 
blowpipe flame, covered with a hluUh^white oih. 
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685. ExAMnr ATION with SoDIC CaEBONATB on CHi^ECOlL. 

— The Bubstance (in powder) under examination is mixed with 
an equal quantity of !N'a2C03, and the mixture is made into a 
paste with a drop of water. After it has been dried at a mo- 
derate heat, it is exposed on the charcoal to the reducing flame 
of the blowpipe, the oxidizing flame spreading over the char- 
coal. (See Table X, and pars. 686 to 699.) Should no 
reduced metal make its appearance, after exposure for two or 
three minutes to the flame, a little KCN may be added, and 
the experiment continued for two or three minutes longer. 
Many of the metallic arsenides and sulphides require to be 
carefully roasted, and thus deprived of their As and S, and the 
metals themselves oxidized, before they can be reduced bv 
Na^COg; in this case, the residue which remains from the 
open-tube experiment can be employed. It must be remem- 
bered, however, that Cd as well as S and As may have been 
expelled by the roasting. 

686. The metals which can be reduced by this means, be- 
sides Au, Pt, and Ag, are Pb, Sb, Sn, Cu, Zn, Bi, Ni, Co, Fe, 
Cd, As, and Hg. *'Au, Ag, Cu, and Sn compounds, yield 
metallic beads, but no incrustations ; Fe, Ni, Co, and Pt com- 
pounds give neither beads nor incrustations ; Bi, Pb, and Cd 
compounds produce a yellow or brown deposit on the charcoal ; 
Sb and Zn give a white incrustation ;* As may easily be recog- 
nised by its odour." 

687. If a globule has been obtained, it is necessary to ascer- 
tain whether it is malleable or brittle : " for this purpose, it is 
allowed to cool perfectly, and carefully removed 'with a pair of 
tweezers. Having been placed upon a little anvil,t &nd struck 

* The ash of the charcoal may sometimes be mistaken by beginneiB for 
a sublimate, but it may be distinguished from such by remaining unaltered 
before the inner flame. 

t The anvil is a small block of hardened steel about two inches square 
and three quarters of an inch thick, polished upon one or more of its faces. 
The hammer is made of hardened steel, one face must be square with sharp 
edges, for trying the malleability of substances, and the opposite end should 
be bevelled off like a chisel to detach small fnigments of minerals, &c 
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with a small hammer — or, if these two blowpipe instraments 
are not at hand, upon the bottom 'of a strong mortar — 
and struck sharply with the pestle, if brittle, it of course 
falls to powder (as in the case of Sb) ; if semi-malleable, it 
fattens out, at the same time breaking into several pieces (as 
with Bi) ; and if fully malleable, flattens out without breaking 
(like Pb).* 

688. " The globule obtained is malleable. — Pb (makes a black 
streak upon paper) ; a yellow incrustation is formed upon the 
charcoal. Sn ; a slight white incrustation. Cu (known by its 
colour). Ag. 

689. " The globule is semi'malleable, — Bi ; a yellow incrusta- 
tion. 

690. " The ghbtUe is brittle. — Sb ; abundant white incrusta- 
tion. 

691. '' If no metallic globule is obtained, but shining metaUie 
spangles are observed after levigation ; probably Sn, Sb, or Cu." 

692. Maoketibm. — To ascertain whether the reduced metal 
is magnetic, an ordinary steel magnet must be presented to it ; 
if any of the metallic particles are magnetic they will adhere 
to it. The trial may be made with far more delicacy by bring- 
ing the metallic particles near a magnetic needle which is 
supported on a centre, on which it turns. 

093. Only one miaeral, magnetic oxide of iron, possesses 
magnetic polarity and attraction, all other minerals, which are 
attracted by the magnet, possess attraction only. The mag- 
netic character serves to distinguish a few of the mineral 
species, which otherwise have very close resemblances ; es- 
pecially, magnetic iron ore from specular iron, and magnetic 
pyrites from common pyrites. 

694. Many minerals become attractable by the magnet, 
only after undergoing the high heat of the blowpipe ; this is 
the result of a partial decomposition. 

695, CupELLATiON. — This is the process of separating gold 

* To prevent tbe fragments from dispersing from the striking they may 
be folded in a piece of thin paper, the corner of which may be held daring 
the operation. 
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and silver from other Bubstances by heat, and obtaining them 
in a state of pnritj. The following is Berzelius' method : 

696. " A small quantity of bone-ashes (in powder) is to be 
taken on the point of a knife, moistened with the tongue, and 
kneaded in the palm of the left hand, with a yerj little soda 
into a thick paste. A hole is then made in a piece of char- 
coal, and filled with the paste, and its surface smoothed by 
presenre with the agate pestle. It is then to be gently heated 
by the blowpipe till perfectly dry (the soda only assists the 
cohesion, and may be omitted). The assay,* previously fused 
ynthpure lead, is placed in the middle of this little cupel, and 
the whole heated by the exterior flame. When the operation 
is finished, the precious metals are lefb on the surface of the 
cupeL This experiment is bo delicate that grains of Ag, visible 
to the naked eye, and, indeed, such as may be collected by the 
forceps and extended under the hammer, may in this way be 
extracted from the lead met with in commerce. 

697. '' If the button obtained by cupellation does not 
possess the colour of Au, but appears white, the quantity of 
An is less than that of Ag, in which case, the button should 
be placed in a porcelain capsule, a few drops of HNO3 poured 
on it, and the capsule heated over the lamp. 

698. '^ If the button does not contain more than a fourth 
part of its weight in Au, it becomes completely black, and then 
decomposeB, the Ag being dissolved, while the Au remains in 
black flakes. When the silver button contains more than a 
fourth of its weight of Au, it is blackened, but the Ag is not 
dissolved. It is neither blackened nor dissolved, if the pro- 
portion of Au to Ag is nearly equal ; in this case the button 
must be melted with twice its bulk of pure Agy on charcoal, 
and again heated with HNO^, by which the mass becomes 
black, and dissolves ; the pure Au being left behind." 

699. If the substance fuses into a transparent glass with the 
^NajCOgy it shows the presence of silica, par. 458. 

700. Tb£Atm£NT with Bobax. — To obtain a bead of borax, 

* It woTdd be better to roast the substance under examination with 
NajCOj on charcoal before assaying it with the pure lead. 
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one end of the platinum wire is bent into a small hook. This 
is heated in the blowpipe flame, and then dipped into the 
borax ; a small portion of the borax will adhere to it ; and this 
being fused in the flame, and, while hot, dipped again into the 
powdered borax, a fresh quantity will adhere, which is fased 
as before ; and this continued until a bead of the requisite size 
is obtained. A great many metallic oxides dissolve in borai, 
forming coloured glasses. If any metallic arsenides or sulphides 
are present, it is necessary to roast the substance in the way 
previously described (676) before making the examination with 
borax ; and it is frequently advantageous, before roasting the 
powdered substance, to mix it with a little powdered charcoal, 
so as to prevent the formation of sulphates and arseniates. 

701. While the bead of borax is still hot, it is touched with 
a small quantity of the powder of the substance under ex- 
amination, and that which adheres is fused into it. The 
operator must then observe — Ist, whether the substance is 
soluble or insoluble in borax ; and 2nd, the colour of the borax 
bead in (1) the oxidizing flame, and (2) in the reducing flame, 
both in the hot and in the cold state. In performing this 
experiment, care must be taken not to dissolve up, in the first 
instance, too large an amount of the oxide or other substance 
under examination. If a small quantity aflbrd no distinct 
reaction, more may be easily added. If, however, the colour 
of the bead is too intense to be clearly distinguished, the bead 
may be jerked off the wire, and that which still adheres fused 
up with a fresh quantity of borax, by which a paler and more 
transparent glass will be obtained. 

702. ExAMiKATiON IN THE Platinxtm Pobcbps. — " If the 
operator has convinced himself by a preliminary experiment 
that the substance under examination does not, when heated, 
attack platinum,* a small splinter of it is to be taken between 
the platinum forceps, and subjected to the oxidizing flame ; 
but if the substance is very fusible, a piece of platinum wire, 
hooked at one end, may be used instead of the forceps. If, 

* PlatiDum cannot be employed when compoundB of the easily reducible 
metals, as Ag and Pb, are present. 
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however, the substance be one which exerts a chemical action 
on platinum, and would therefore injure the forceps or wire, 
charcoal must be employed as the support. 

703. *' In order to test the fusibility of a mineral, a small 
splinter, having a sharp edge or point, should be broken off 
and held in the forceps at a short distance beyond the point 
of the inner blue flame, so that the sharp edge is strongly 
heated. If a gas flame be employed, the mineral must be 
held somewhat further from the point of the blue flame than 
is necessary in the case of an oil-lamp, in order to prevent any 
reduction taking place, which would materially interfere with 
the results. If a powdered substance is to be tested, or one 
which decrepitates when heated, and which must therefore be 
previously pulverised, the following process may be resorted 
to : — ^A small quantity of the powder is made into a paste with 
water, and spread upon a piece of charcoal ; it is then dried, 
and strongly heated with an oxidizing flame, it will then 
(generally) cohere sufficiently to allow of its being taken up 
between the forceps and tested in the usual manner. Care 
must be taken that the substance, if a fusible one, and one 
which acts upon platinum, does not fuse upon the platinum 
points of the forceps. 

704. ** Of the metallic oxides, the foUowing only are fusible 
in the oxidizing flame, viz. the oxides of Cu, Pb, Sb, and Bi. 
Metallic sulphides are, with few exceptions, readily fusible 
under the blowpipe flame ; these exceptions are ZnS and MnS." 

705. " Of the simple silicates, ». e. silicates with a single 
base, those of the alkalies are most fusible. The silicates 
of Ca and Mg are with a few exceptions practically infusible. 
Aluminic silicates are infusible. 

706. ^ Of the iron silicates those of ferrous and magnetic 
oxide are very fusible, but the ferric silicates are practically 
infusible. Consequently, under the blowpipe flame, the fusi- 
bility of an iron silicate much depends upon whether it be sub- 
mitted to the oxidizing or the reducing flame ; for the ferric 
silicates infusible in the former become fusible and magnetic 
in the latter. If, therefor, a substance be infusible, or only 
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very slightly fusible in the oxidizing flame, it may afterwards 
be submitted to the extremity of the reducing flame, since 
many substances infusible in the former become fusible on 
undergoing a partial reduction. 

707. *' The fusibility of a compound silicate, i. e, a silicate 
containing two or more bases^ depends upon that of the simple 
silicates of which it is composed, but is generally greater than the 
mean of these latter. Thus many calcic and magnesic silicates, 
and calcic and aluminic silicates, are more fusible than any 
of the simple silicates which enter into their compoaitionj 

708. '' According to their relative fusibility, minerals may 
be classified as follows : 

I. Readily fusible to a bead. 

II. With difficulty fusible to a bead. 
III. Eeadily fusible on the edges. 
lY. With difficulty fiisible on the edges 

V. Infusible. 

709. " In testing the fusibility of a mineral substance, it 
should be noticed whether, if fusible, a clear or opaque bead is 
obtained; also, whether the substance changes colour, be- 
comes magnetic, or exhibits any phenomena of intumescence, 
ebullition, ^c, all of which are useful characters in indicating 
the nature of the mineral." 

710. " The degree of fusibility is a very important point to 
ascertain, when the examination in question refers to the 
native combinations of Mica and certain other minerals^ for 
this characteristic feature displayed by the blowpipe is often 
the only one by which we may distinguish those which consist 
of earths, and which contain no notable quantities of metallic 
oxides, properly so called. Amongst the minerals most fre- 
quently met with, the following are infusible : 



Quartz, 

Corundum, 

Tourmaline (both that which 
contains alumina and even 
that which contains soda), 



Zircon, 

Cyanite, 

Phenakite, 

Leucite, 

Talc, 
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Pyrophyllifce, 

Apatite, 

Oehlenite, 

Apophyllite, 

StauTotide, 

Befractory days, 

Aluminic hydrate, 

Magnesic hydrate, 

Alumimc sulphate, 

Calcic carbonate, 

Magnesic carbonate, 

Zincic carbonate, 

AUophane, 

Spinel, 

Pleonaste, 

Grahnite, 

Olivine, 

Cerite, 



Cymophane, 

Gadolinite (which, being 
heated, becomes suddenly 
luminous, as if it caught 
fire), 

Vitreous tin, 

Kutile, 

Titanic iron, 

Tantalite, 

Turquoise, 

Titaniferous oxide of iron, 

Chrome iron, 

Native oxides of iron, 

Yttrotantalite, 

Dioptase, 

Chondrodite, 

Topaz. 



711. '' Amongst those which are almost infusible and only 
become rounded at the edges, the following may be named : 



Pelspar, 

Albite, 

Petalite, 

Labradorite, 

Anorthite, 

Nepheline, 

Tubular spar. 

Pyroxene (which contains 

much magnesia), 
Epidote (which intumesces by 

the first impression of the 

heat) 
Eudase (which intumesces by 

the first impression of the 

heat). 



Emerald, 

Titanite, 

Sodalite, 

Calcareous Scheelin, 

Meerschaum, 

Soapstone, 

Serpentine, 

Mica (some species, especially 

those found in granite), 
Dichroite, 
Heavy spar, 
Celestine, 
Gypsum, 
Apatite, 
Eluor spar. 
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Metallic film. 



Te 



Black; thin 
part brown. 



Se 



Cherry-red ; 
thin part 
brick-red. 



Sb 



Black ; thin 
part brown. 



As 



Black ; thin 
part brown. 



Bi 



Black; thin 
part brown. 



Hg 



Grey non-co- 
herent thin 
film. 



Tl 



Black ; thin 
part brown. 



Pb 



Black ; thin 
part brown. 



Cd 



Zn 



Sn 



Black ; thin 
part brown. 



Black; thin 
part brown. 



Black ; thin 
part brown. 



Oxide-film. 



White. 



White. 



White. 



White. 



Yellowish 
white. 



White. 



Table of Volatile Elements wikich 



Yellow-ochre 
colour. 



Blackish 

brown; thin 

part white. 



White. 



Yellowish 
white. 



Oxide-film 

with stannous 

chloride. 



Black. 



Brick-red. 



White. 



White. 



White. 



White. 



White. 



White. 



White. 



White. 



Oxide-film 
with stannous 
chloride and j 
soda. 



Black. 



Black. 



White. 



White. 



Black. 



White. 



White. 



White. 



White. 



White. 



Oxide-film with 

silver-nitrate aod 

ammonia. 



Yellowish white. 



White. 



Black; insoluble 
in ammonia. 



Lemon-vellow or 
reddish-brown ; 
soluble in am- 
monia. 



White. 



White. 



White. 



White; in the 
thin parts tarns 
bluish black. 



WTiitc 



White. 
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can he reduced as Films. 








Iodide-film. 


1 

, Iodide-film 
with ammonia. 


1 
Sulphide-film. 


Sulphide-film 
with ammo- 
nium-sul- 
phide. 




Brown; disappears 
for a time on 
breathing. 


Disappears al- 
together on 
blowing. 


Black toblack- 
ish brown. 


Disappears for 
a time. 


Elements whose 
reduction- films 

> are scarcely dis- 
solved in dilute 
nitric acid. 


' Brown ; does not 
' wholly disappear 
• on breathing. 


Does not dis- 
appear on 
blowing. 


Yellow to 
orange. 


Orange, and 
then disap- 
pears for a 
time. 


Orange-red to yel- 
low ; disappears 
on breathing. 


Disappears al- 
together on 
blowing. 


Orange. 


Disappears for 
a time. 


1 

1 Orange-yellow; 

disappears for a 

1 time on breath- 

i ing- 


Disappears al- 
together on 
blowing. 


Lemon- 
coloared. 


Does not dis- 
appear. 


Bluish brown; thin 
parts pink; dis- 
appears for a time 
on breathing. 


Pinktoorange; 
chestnut-co- 
loured when 
blowing. 


Burnt-umber- 
colour to 
coffee-co- 
loured. 


Does not dis- 
appear. 


Elements whose 
reduction-films 
are with dffi- 
culty dissolved 
in ddute nitric 
acid. 


Carmine-coloured 
and lemon-yel- 
low; does not 
disappear on 

' breathing. 


Disappears for 
a time on 
blowing. 


Black. 


Does not dis- 
appear. 


1 Len^on-yellow ; 
does not disap- 
pear on breath- 

, "g. 


Does not dis- 
appear on 
blovring. 


Black ; thin 
parts bluish 

grey. 


Does not dis- 
appear. 


' Orange-yellow to 

lemon-colour; 
; does not disap- 
! pear on breath- 
ing. 


Disappears for 
a time on 
blowing. 


Brownish red 
to black. 


Does not dis- 
appear. 


Elements whose 
reduction- films 
» are instantly 
dissolved in di- 
lute nitric acid. 


1 

' White. 


White, 


Lemon- 
coloured. 


Does not dis- 
appear. 


White. 


White. 


White. 


Does not dis- 
appear. 


: Yellowish white. 


Yellowish 
white. 


White. 


Does not dis- 
appear. 
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708. " The following are fusible : 



ZeoliteB (most of them intu- 
mesce), 

Spodumene (which intumes- 
ces), 

Mejonite (which firaths up 
before fusing), 

Elseolite, 

Amphibole (most of which 
boil up whilst in fusion), 

Pyroxene (those which con- 
tain no excess of mag- 
nesia), 

Idocrase (intumesces in 
fusing), 

Gurnet, 

Cerine, 

Orthite (boils in fusing). 

Ferruginous Scheelin, 

Boracite, 



Hydroboracite, 

Datholite, 

Botryolite, 

Cryolite, 

Mica (several species, espe^ 
dally those which contain 
lithia), 

Tourmaline (those which con- 
tain potash), 

Axinite (intumesces whilst 
fusing), 

Amblygonite, 

Lazulite, 

Haiiyne, 

Nosin, 

Eudialyte, 

Pyrosmalite." — Rose^sManual 
of Analysis, 



712. — Bunsen^s fame reactions. — ^Almost all the reactions 
which can be performed by means of the blowpipe may be 
accomplished with far greater ease and precision in the flame 
of the non-luminous gas-lamp.* This flame, moreover, possesses 
several peculiarities which render it available for reactiona, by 
which the smallest traces of many substances occurring mixed 
together can be detected with certainty when the blowpipe, and 
even still more delicate methods fail. The method of examina- 
tion of the various parts of the flame for these flame reactions 
is described in pars 1167 to 1173, and the special behaviour 
of the bodies themselves has been described under the head of 
their special properties ; we shall, therefore, only here give a 
table (given by Bunsen in his paper on flame reactions) of the 
volatile elements which can be reduced as films, This table 



* See description of Bnnsen's lamp in F^ IIL 
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contains some of the rarer elements which are not giren in the 
book. 

718. TF%en the student 7uu completed the preceding prelimi- 
nary experiments, he will be able to arrange the substance under 
examination vvDun one of the thbee following diyibioks: 

714. The solid is neitheb a pube metal nob an allot, 

AND IS DESTITUTE OF OBOANIO MATTEB. See par. 717. 

715. TnE SOLID IS neitheb a pubs metal NOB AN allot, 
BUT CONTAINS OBOANio MATTEB. See par. 731. 

716. The solid is eitheb a pube metal ob an allot, 
See par. 737. 



717. THE SOLID IS NEITHER A PXJEE METAL 
NOB AN ALLOT, AND IS DESTITUTE OP OEGANIC 
MATTEE. 

718. Before a solid can be acted upon by reagents, it must 
be brought into a state of solution. For this purpose it is 
submitted to the action of different fluids, and the one in 
which it dissolres is termed its solvent. The solvents em- 
ployed in qualitative analysis^ are water, HC], HNO3, and aqua 
regia. Water, when it can be employed, is always to be pre- 
ferred. 

719. The student must particularly guard against adding 
too much of the solvent, especially if it be an acid. To avoid 
this, he must add it in small quantities at a time, and apply 
heat after each addition. The substance should, before being 
/submitted to the action of solvents, be reduced to the state of 
a very fine powder, and fifteen or twenty grains employed for 
the analysis. The whole of the substance must, however, 
never be employed, but always a portion kept in case of any 
unforeseen accident, or for confirmatory experiments. In 
ascertaining in what liquid the substance is soluble, the stu- 
dent ought only to employ about three or four grains of the 
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substance; after he has ascertained the solvent he can then 
dissolve up the fifteen or twenty grains for the analysis. 

720. The powdered substance is boiled in ten times its 
amount of water. It all <^mo/f?0«.— Examine it according to 
par. 640. A parHan remains undissolved. — Filter a few drops 
of the liquid, and evaporate them to dryness on platinum foil. 
If a large residue remains on evaporation, the whole of the 
solution must be filtered, and examined according to par. 640. 
The insoluble residue, after being well washed with boiling 
water, must be examined according to 721. If no residue 
remains on evaporating the aqueous solution, or at all events a 
very slight one, pour the remainder of the water off, and treat 
the insoluble substance according to 721. 

721. The substance which was partly or entirely insoluble 
in water, is boiled in dilute HCl, and if not soluble in dilute, 
then in concentrated HCL* It all dissolves. — Treat the fifteen 
or twenty grains in the same way and proceed with the exa- 
mination for the bases in the usual way, and for the acids 
according to 547. t -4 portion remains undissolved. — Ascertain 
if anything has dissolved, by evaporating a portion of the fluid 
to dryness on platinum foil. Should this be the case, place the 
tube, with its contents, on one side, and proceed with the 
next experiment. 

722. A fresh portion of the original substance is boiled 
in HKO3. The substance dissolves. % — Remove as much of the 
free acid as possible by evaporation ; dilute the concentrated 
solution with water, and then proceed with the examination for 
the bases in the usual way, and for the acids according to 

* If HCl causes any effervescence, the evolved gas most be examined for 
COji HoS, and UCK, as directed nnder these acids. 

t If tbe substance is silicate decomposable by HCl, treat it according to 
par. 455. 

X If the substance dissolves with tbe separation of a ligbt-yellow coloured 
mass of sulphur, it points out tbe presence of a sulphide. '^Iien HNO, is 
employed as the solvent, as much of the free acid as possible ought to be 
removed by evaporation, before passing H^S through the solution, as they 
decompose each other, the decomposition being attended with the sepan- 
tion of a large amount of sulphur. 
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547. It does mot disooire. — ^AIlow it to settle ; poor off one 
half the add, add a like quantitr of ooneentrated HCl, MMid 
again boil. If a portioii still remaiiifl undis&olTed. return 
to the strong HCl mixture (721): £Iter, and analvBe the 
filtrate in the nsoal waT. The recidoe insoluble in acids, afiter 
being well waahed, miuBt be treated according to 723. 

723. The nsaaUj occurring sabstanoea, which are in^olable 
in water and adda, are the bauc, btko^tic, calcic, and 
FLI71CBIC aruTL^TEs, ixuicrsA, FEE Lie oxLDZ, and their 
phosphates, the abge^ittc and fluitbic CHLoainzs, caixtic 

FLUOKTDS, SrUCATES, SIXICA, and SULPHTTB. 

724. A small portion of the reKl*iae. in;froIuble in warer and 
acids, is heated on a ^lip of platinum fcfl If .S^X is evolved 
along with the Tolatilization of the wh^Ie of tr>e t-l-^tance, 
snlphor only can be present. Wnen otLer mb^tanceft aie 
pieaent, add to another %v:^2ul p-ortion a ^^'^ of fNH^»^rS- If 
the colonr remains white, A g. Pb, aiid prob-al.T Fe, are absent « 

725. A small qoantitj of the dry residue, in xLe fetate of a 
very fine powder, is mixed with f-yur tii^e* it* ^f^i/iiX lA a 
mixtnre of eqnal parts Xa^CO^ acd K-CO,, Tije u^iit^ tsjuuh 
is placed in a platinum crucib.e,* and beated orer a 02ui larxip 
for about half an hour; or, wLat is sti.i better, tLe platinum 
vessel is placed within a He§»an crucible eontair..!.? a Lttie 
MgCOj, and exposed to a f.Ji red be^t, for the lanie ;eL;^h of 
time, in a fomaoe. Tae majiieidc c&rtrcu&te is en:;.!oved to 
prevent the platinum from eoz:iing in ec/Hiact wiif. tLe Hei^' 
fiian crucible. 

726. On eooUng, the fuM^i macs is boiled with "nzxtfr, and 
filtered. The filtrate ii to be exa2LiiJE:d for tLe tundt miA 
alumina, the residue for the loses. 

727. Exammatiom of the fiHraie. — To or^e portion of tl>e 
filtrate add HCl untfl the solut: to is c'j'X.i.'^X.y %f:A ; e^a/x^rate 
to dryness, and ignite imtil acid fun^e* are no if^wj*^ etoired. 

* Tbe oompoonds of tbe catHj red^«&d b^.^**, f^X tut X^, V-,, ht.,^ u.*^ 
not be fbsed in pbtinnm xen^m ii*7 f-i-r::! a. ',j% »;t« l.-^* .v^-t'A,, »;.;^ u 
greatly injnres or a]to^ctAer d«r;r^« tr^ •^a'.I.-.-.'a v'*!*^.; J^'7'>Afl 
cracibles most therefsre be eaplv^td a nKa c^« v«. 
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To the dried mass add dilute ECl and boil; if a residue le- 
mains, silicic acid is present. To the filtrate from the silica 
add NH4HO in excess, and then warm the solution ; if a pre- 
cipitate is formed, it must be due either to alumina or its 
phosphate. After having filtered and washed the precipitate, 
examine it for alumina and aluminic phosphate according to 
Table Y. In the filtrate from the alumina precipitate, or in 
the solution which has failed to give a precipitate, test for 
phosphoric acid by adding NH4CI, and then MgS04. Acidu- 
late another portion of the original filtrate with HCl, and ex- 
amine for sulphuric acid by adding BaCl2. Another portion 
must be acidulated with HNO3, and tested for chlorine by 
AgNOg. To detect fluorine, an examination must be made 
according to 462 or 463. 

728. Examination of the residue, — After having removed all 
the substances soluble in water, by repeated washings, dissolve 
the residue, if Pb and Ag are absent, in HCl, and proceed 
with the analysis in the usual way. If the residue does not 
completely dissolve in the acid, and the two metals just named 
are absent, it shows that a portion of the substance has not 
been decomposed. When this is the case, filter ofi*, and ex- 
amine the filtrate. 

729. When the fixed alkalies are to be looked for in the 
insoluble residue, another portion, in fine powder, must be 
mixed with about four times its weight of BaCO^, and fused 
in a platinum crucible, in the manner already described. On 
cooling, the fused mass is digested with dilute HCl, and fil- 
tered. The filtrate is evaporated to dryness, and ignite ; ihe 
dry residue must be treated with water, and again filtered. 
The filtrate, after being freed from iron oxide, alumina, baryta* 
lime, and magnesia (if present) must be evaporated to dryness, 
to expel the ammonic salts which have been employed in their 
precipitation ; if a residue remains, it must be examined for 
K and Na. 

730. Bloxam has proposed to fuse insoluble substances by 
mixing them with a deflagrating mixture. A great saving of 
time and labour is thus efiected by causing the heat to be 
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applied inside the mass to be fused. The following is the pro- 
cess: — 5 grains of the substance are intimately mixed with 10 
grains of dried NagCO^ and 70 grains of the deflagrating flux, 
composed of charcoal* and nitre in the proportion of one part 
by weight of the former to six of the latter. The mixture is 
placed in a thin porcelain dish, or clean iron tray, and a lighted 
match applied to the centre of the heap. The deflagration is 
completed in two or three seconds, and a well-fused mass re- 
mains. This is easily detached from the cooled dish (in which 
a little nnburnt charcoal may be left), and boiled with water, 
being occasionally stirred with a glass rod. Two or three 
minutes always suffice for the extraction of the soluble portion, 
which is then filtered ofi^, and examined for acids and for such 
bases as are compatible in solution with the alkaline carbonates 
(par. 727). The residue left by water, after having been 
washed, is treated with acids, and examined in the usual way 
(par. 728). A little charcoal is generally left undissolved by 
adds, and with it any of the substances which may have escaped 
decomposition. If it be thought necessary, the dried residue 
may be ignited until the charcoal is consumed, and the incom- 
bustible portion examined. 



731. The solid stjbstaitce uistdeb examinatios* is 
iteitheb a pt7be metal koe ajsf allot, but contains 

OBOAiaC HATTSB. 

732. The presence of fixed organic matter t interferes with 
the detection of many substances. Thus, in the presence of 

* The charcoal should, of course, be chosen so as to yield a very small 
propoxtion of ash, and must be reduced to a fine powder : the charcoal from 
the powder-milk is most suitable for the purpose. The nitre must be 
chemically pure. 

t Organic substances are termed Jixed when they cannofc be distilled or 
volatilized without decomposition. The organic matter ought to be tested 
for nitrogen ; for this purpose it is mixed with caustic potash in powder 
or with soda-lime, and the mixture heated in a test-tube, when, if it 
contains nitrogen, NH3 will be evolved. 

18 
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tartaric acid, which is a fixed organic acid, almninic, chiomic, 
iron, and numj other metallic oxidee, are not precipitated by 
the alkalies ; alkaline citrates prevent the precipitation of adds, 
by bases, with which the acidA form insoluble salts under ordi- 
nary circum stances ; a soluble baric salt will not produce a pre- 
cipitate, even in a solution of a sulphate, if an alkaline citrate 
be present, unless the sulphate is present in the proportion of 
three or more equivalents for every one of the citrate. Soluble 
plumbic and strontic salts produce, likewise, no precipitate in 
solutions of sulphates in the presence of citrates, the citratea 
interfere with the precipitation of a large number of substances, 
Mn, for instance, is not precipitated from its solutions by am- 
monic sulphide.' It is therefore necessary, after precipitating 
the fifth and sixth groups by HCl and 3,8, to destroy the 
fixed organic mstt«r, when it is present, which will have been 
ascertained in the preliminary examination. For this purpose, 
the filtrate from the H^S precipitate, or the solution which has 
failed to give a precipitate with this reagent, is evaporated to 
dryness and ignited t until all the organic matter has been 
destroyed, the residue must then he dissolved in water or adds 
as directed at par. 718 ; and then examined for the 4itb, 3rd, 
2nd, and 1st groups of basic substances in the usual way. The 
examination of the acids must be conducted as directed at par. 
720, and following pars. 

733, Sometimes we are obliged to have recourse to the fol- 
lowing method for destroying the organic matter, cepeciaUy in 
the case of liquida and solids which have to be examined for 
poisont. The solid or liquid is placed in a porcelain dish, and 
to it is added pure concentrated HCI, about equal in weight 
;o the dry solid present, and then, if required, water to make 
;he mass of a tbin pasty consistence, the dish is placed on tbc 

■ SpiUeron thelnfluenwofCitricAcidonCliemicBlreactioiu. Qouifflj 
laomal of the Chemical Societ; of Londcm, voL i. ) 

t Mnn; lubatancM, eapecUtUj alnminic ud the Iron oiido, after ignitka I 
liwolve with very great UifEcultj even in the concentrated minenl adill. 
rbe residue may therefore require protracted boiling in adda, althaDgh Ihe 
iriginal tubsnince dienoived in n-ater or dilute acid veiy resdilj. 
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water-batb, and small portions of pure potassic chlorate are 
added every five minutes or so, stirring constantly at the same 
time the contents of the dish ; the addition of the potassic 
chlorate is continued until the mixture is perfectly fluid and 
of a light-yellow colour; when this is attained we add 20 
or 80 grains more of the KCIO3, and continue the heat until 
the liquid ceases to smell of chlorine; the mixture is then 
filtered through paper or linen, the residue thoroughly washed, 
and the wash-water concentrated over the water-bath, and 
then added to the filtrate ; the filtrate is examined as directed 
in the next par. The residue must be examined for AgCl, 
PbS04, and SnOg as directed at par. 723. 

734. The filtered liquid is placed in a flask and kept at a 
temperature between &f and 70° C, and washed H^S transmit- 
ted through it for about twelve hours, it is then allowed to cool, 
and during the cooling the transmission of the gas through it 
is continued ; it is then covered over with paper and placed in 
a moderately warm place, and allowed- to stand for twenty-four 
hours ; if at the end of that time it has only a faint odour of 
H2S, the gas is again passed through it to excess, and it is 
again allowed to stand until the odour of HjS has again nearly 
disappeared; the precipitate is then collected upon a filter 
and washed until the washings are quite free from CI ; the 
filtrate is examined for the members of the 4th and drd 
groups. 

735. The precipitate contains, besides any metals that may 
be present, organic matter and sulphur ; if the analysis has 
been instituted, not for the examination of the poisonous 
metals, the precipitate can be examined in the usual manner ; 
but if the examination is made to ascertain whether any of the 
poisonous metals are present, it may be conducted in the follow- 
ing manner : — Digest the precipitate for some time in NH4HO, 
the AS2S3 dissolves, and the other sulphides remain undissolved ; 
filter off and evaporate the filtrate along with the wash-water 
to dryness on the water-bath, the As^Sg will remain ; it is 
generaUy of a brown colour, from the presence of organic 
matter which has been dissolved by the NH4HO. Examine the 



276 THE SOLUTION 

precipitate according to the electrolytic method (273), or 
according to the method described in par. 260. 

786. The precipitate insoluble NH^KO, after it has been 
thoroughly washed, is digested in yellow (NH4)2S ; it is then 
filtered, a^d the filtrate, along with the wash-water, is evapo- 
rated to dryness oyer a water-bath ; the residue is examined 
for SbgSg by the usual tests. Treat the sulphides insoluble in 
(NH4)2S according to par. 294. 

737. The suBSTAiirGE ukdeb examinatioit is a puhe 

METAL OB AK ALLOY. 

738. Nitric acid behaves with metals in the following manner: 
— An and Ft are neither dissolved nor altered in the least 
degree by it. Sn and Sb are converted by it into oxides, which 
do not dissolve in or combine with an excess of the acid. The 
other metals are oxidized and converted by it into solable 
nitrates. On account of the difierent behaviour, therefore, 
which HNO3 exhibits with the metals, it is usual to employ it 
as the solvent of alloys, &c, 

739. To the metal or alloy under examination, which is 
placed in a small flask, is added HNO3 of sp. gr. 1.20, aad 
heat applied. One of the three following cases will then occur : 
— 1. Complete solution takes place. 2. A white insoluble 
substance separates. 3. A metallic residue remains. Each of 
the three cases is considered separately in detail. 

740. 1. y complete solution ensues, Au, Ft,* Sn, and Sbf must 
be absent. After removing the greater part of the free acid 
by evaporation, dilute the solution with water,^ and proceed 
with the analysis in the regular way.- Hg, if present, will be 
found in the mercuric state. 

741. 2, Jff' a white insoluble substance separates, Sn or Sb is 

* Alloys of Ag and Pt, with the latter metal present in small proportion 
only, dissolve in HNOg. 

t Very minute traces of Sh are often completely dissolved by HNOj. 

X If the solution becomes tarbid on the addition of water, it indiostes 
the presence of Hi. 
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indicated. After removing the greater part of the free acid by 
eyaporation, dilute the solution with water, filter, and proceed 
with the filtrate in the ordinary way. The precipitate, after 
being well washed with water, is treated with a hot concen- 
trated solution of tartaric acid. If it all dissolyes, Sn is absent. 
The presence of Sb is confirmed by H^S producing in the 
tartaric acid solution, to which HCl has been added, an orange- 
red precipitate. If the whole of the insoluble substance does 
not dissolve in tartaric acid, the solution is filtered. The 
filtrate is examined for Sb by the method just stated. The 
residue, after being well washed, is mixed with iNajCOg and 
KCN, and exposed on a charcoal support to the inner blow- 
pipe fiame. K Sn is present, ductile metallic grains will be 
obtained. 

742. Z,Ifa metallic residue remains^ Au or Ft is indicated. 
After removing the greater part of the free add by evaporation, 
dilute tHe solution with water, filter, and examine the filtrate 
in the usual way. The metallic residue is dissolved in aqua 
regia. One portion of the solution is tested for Au according 
to 284. The other portion is tested for Ft according to 287. 

743. Answers to the following exercises must be written 
out. 

EXIBCISSS. 

175. If you had such a mixture as the following, whether 
would it be more advantageous to treat it, 1st with water 
until all the soluble matter was reny>|fsd, and then with HCl, 
or to treat it at once with HCl : what difference would there 
be between the two modJI of treatment : — Na2S04, KNO3, NH4 
CI, BaCOg? 

176. Whether would it be better to treat such a mixture as 
the following, 1st, with water, and, 2nd, with HCl, or to treat 
it at once with HCl :— FegOg, Ba(N08)2, MnCl^, As,Oj, CUSO4. 

177. Name the more frequently occurring mineral com- 
pounds which are insoluble both in water and acids, and 
describe the processes for rendering them soluble. 
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178. How would you perform the qualitatiye analysis of an 
alloy containing arsenic, copper, silver^ lead, and iron ? 

179. Name the chief blowpipe reactions employed in quali- 
tatiye analysis. 



PART 11. 



ANALYSIS OF ORGANIC SUBSTANCES. 

746. All organic substances contain cabbon ; a large num- 
ber are composed of cabbon and htdbooeit only ; a still 
larger number contain oxygbn in addition to the two last- 
named elements ; and a large number are composed of cabbon, 
HYDBOOBN, oxTGEK, and viTBOGEN. A Smaller number con- 
tain 8ULPHUB in addition to these four elements, and a still 
smaller number contain fhosphobits. Organic substances, 
therefore, unlike inorganic ones, are all composed of some two, 
three, four, or five elements, and these elements are the same 
for all the different organic bodies. But although the forma- 
tion of organic substances is restricted to some three, four, or 
five of the elementary bodies, their atomic constitution is far 
more complex than that of mineral substances, and this is one 
of the most marked distinctions between organic and inorganic 
bodies. For example, " a particle of common salt, or of 
cinnabar, presents a group of not more than two atoms, whilst 
an atom of sugar contains thirty-six elementary atoms, and the 
smallest particle of oliye oil consists of several hundred simple 
atoms. 

745. '* It is upon the greater complexity of composition of 
organic bodies, together with the lesser force with which, con- 
sequently, their constituent atoms attract each other, that their 
easier decomposability depends: heat, for example, disturbs 
their composition with much greater facility than it does that 
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of inorganic bodies. The atoms of the former, onoe pat in 
motion, or by the action of heat being separated to a greater 
distance from each other, arrange themselves into less complex 
atoms, in which the force of attraction acts in fewer directions 
and in which it is consequently able to oppose a proportionablj 
stronger resistance to the- further action of causes of disturb- 
ance, — decomposition.'* — Liebi^. 

746. Organic compounds may be analysed either with a Tiew 
simply to resolve them into their proximate constituents, as, for 
instance, resolving wheat flour into its proximate constituents, 
starch, sugar, gluten, ligneous fibre, and oily matter ; this kind 
of analysis is called the proximate analysis of organic sub- 
stances ; or the analysis may have for its object the mere 
testing the organic compound for some one or two elements, 
as nitrogen and sulphur ; this is called elementary or ultimate 
analysis, 

747. We will first describe the method of testing organic 
substances for nitrogen, sulphur, phosphorus, and inorganic 
substances,* and afterwards describe the proximate aualysiB of 
organic substances. 

ELElCElfTABY ANALYSIS. 

748. Test for an organic compound. — As all organic sub- 
stances contain carbon, and as very few of them contain oxygen 
in sufficient quantity to combine with the whole of their cfurbon 
and hydrogen, it follows that if they are heated in a closed 
vessel, as a small glass tube, so as to exclude the air, a black 
or carbonized residue will remain. "No inorganic compound 
leaves a residue of carbon when heated under similar circum- 
stances. Volatile bodies require to be mixed with CuO or 
PbCr04, ^^^ burned in a glass tube for the detection of their 
carbon, which is converted into CO3, and if passed into a solu- 
tion of BaHjO^, causes a white precipitate of BaCO^, the H 

* Animal and vegetable snbstanceB are freqnently composed of inorganic 
as well as organic compounds, and it is as necessary to determine the nature 
of the inorganic as of the organic matter. 
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in the organic substance ^becomes converted into H^O, which 
may be collected in drops in a cooled receiver, or passed 
through a tube containiug CUSO4, which has been dried at 
205^ C., water changes the colour of the dry cupric salt from 
white to blue. 

749. Tests far nitrogen, — Substances containing a toler- 
ably large quantity of N, emit in burning the familiar smell 
of singed hair or feathers; if this smell is distinctly per- 
ceptible, no further test is required to confirm the presence of 
this element. When there is no distinct smell of burnt 
feathers, one of the two following tests may be employed : 

Ist. The substance to be examined, which must be in the 
solid state, is mixed with solid KHO or with soda-Ume/^ the 
mixture is introduced into a dry test-tube, and then ignited ; 
the C is converted intd CO.^ by the in the alkaline hydrate, 
while all or the greater part of the H combines with N when 
present, and forms NH3, which is evolved, and may be de- 
tected in the usual way (Table 1 A 2, page 10). 

2nd. ''Lassaigne has proposed another method which is 
based upon the property of potassium to form KCN when 
ignited with a nitrogenous organic substance. The follow- 
ing is the best method of performing the experiment: — 
Heat the* substance tinder examination, in a test-tube, with 
a small lump of K, and after its complete combustion, treat 
the residue with a little water (cautiously) ; filter the solu- 
tion, add two drops of solution of FeS04 containing some 
ferric salt, digest the mixture a short time, and add HCl in 
excess. The formation of a blue or bluish-green precipitate 
or coloration proves the presence of nitrogen (499). 

'* Both methods, Ist and 2nd, are delicate ; the 1st is the one 
most generally employed; it fully answers the purpose in 
nearly all cases, 

drd. '* If, however, the nitrogen exists in the organic com- 
pound in an oxidized state, it cannot be detected by either of 
the methods just given, but it may readily be detected by heating 

* Soda-lime is a mixture of CaO with NaHO. The lime 10 simply em- 
ployed to prevent the soda ftising. 
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the substance in a tube, when the evolution, of red acid fumes, 
imparting a blue tint to iodide of starch paper, will incon- 
testably prove it." 

750. TesU for 9ulphur.'^Jf the substance is in the solid 
state, it may be mixed with about twelve times its weight of 
pure solid KHO, and about six times its weight of pure EJS'Oj ; 
or it may be intimately mixed with some pure KNO3 and 
'NtLJOO^ ; the mixture is then heated to fusion in a crucible. 
The fused mass is allowed to cool, then dissolved in water, the 
solution, acidified with HCl and tested subsequently for HjS04 
with BaCIg. 

751. Fluids are treated with fuming HNO3, or with a mix- 
ture of HCl and KCIO3, at first in the cold, finally with 
heat ; the solution is then tested for n2S04 with BaCl^ or 
Ba(N03), 

752. As the two methods just described serve simply to 
indicate the presence of sulphur in a general way, but afford 
no information regarding the state or form in which that 
element may be present, we give another method (753), which 
serves to detect only the sulphur in the non-oxidized state in 
organic compounds. 

753. Boil the substance with a strong solution of KHO, 
and evaporate nearly to dryness. Dissolve the residue in a 
little water, pour the solution into a flask,* and slowly add 
dilute H2SO4 through the funnel-tube, if sulphur is present 
the lead test-paper will turn brovni. 

754. Tests for phosphorus, — The methods described in pars. 
750 and 751, will likewise serve for P. The solutions obtained 
are tested for phosphoric acid either according to par. 424^ 
427, or 428. If the method described in par. 751 has been 
employed the greater part of the HNO3 must be removed 
before employing the test. The P may be detected by slightly 

* The flaslc must be provided with a fannel-tabe which ib fitted into a 
cork, on the under surface of the cork is attached a slip of paper which 
has been thoroughly moistened with a solution of lead acetate, and then 
touched with a few drops of a solution of (NH4)2COy 
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carbonizing the substance, then reducing it to powder, and 
conducting the operation as at par. 431. 

755. Test for inorganic subsUmees. — " A portion of the sub- 
stance under examination is heated on platinum foil, to see 
whether or not a residue remains. When acting upon diffi- 
cultly combustible substances, the process may be accelerated 
by heating the spot which the substance under examination 
occupies on the platinum foil, to the most intense redness, 
directing the flame of the blowpipe upon the corresponding 
point of the lower surface of the foil." The methods for ex- 
amining the residue are described in pars. 760 to 771. 

PBOXIHATE ANALYSIS OF OBGANIC SUBSTANCES. 

756. Organic substances, like inorganic ones, are either 
acids* bases, salts, or indifferent bodies ; and the resolution of 
organic compounds into their proximate constituents, is effected 
by methods perfectly similar to those used in the analysis of 
inorganic compounds; that is, the operator endeayours to 
separate (by solvents, application of heat, &c., &c.) the indi- 
yidual constituents from one another, either in the direct way, 
or afber having preyiously converted them into appropriate 
forms. 

757. Of the solvents employed in organic analysis ether is 
particularly valuable as a solvent for &tty substances, and for 
caoutchouc and camphor ; alcohol, for the solution of many 
ciystaUizable organic principles, such as the vegetable alka- 
lies; whilst water dissolves sugar, gum, starch, and other 
bodies, which are nearly insoluble in alcohol and ether. In 
some cases benzole, in others chloroform, is a valuable solvent, 
and may be substituted for ether, which they most resemble in 
their solvent action. In particular cases dilute acids, and in 
others dilute alkalies may be employed, but thej must be used 
with caution, as thej are liable to act not merely as solvents, 
but also to produce important chemical changes upon the com- 
pounds submitted to them. No general rule can be laid down 
for the extraction of the different proximate principles, each class 
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of substances requiring special modifications, which experience 
alone can indicate. 

758. In all cases of proximate analysis, the employment of 
the microscope will be found invaluable as a means of watching 
the progress of the separation of the various principles, and of 
ascertaining whether the substances which the chemist has 
isolated are mixed with other bodies whiqh may resemble them 
in chemical habitudes. When a substance or deposit assumes 
the crystalline state, such an examination, by revealing the 
similarity or difference in form of its component particles, is 
often more valuable for ascertaining the purity of a substance 
than ordinary chemical reagents. — Miller. 

759. We shall now give the method for the examination of 
the ash, whether derived from animal or vegetable substances, 
and we shall then give under Animal and Vegetable Chemistry * 
the properties and reactions of the chief organic compounds of 
animal and vegetable origin, and along with this the proxi- 
mate analysis of mixed animal substances and the analysis of 
urine. 

SXAlCINATIOir OF THE INOBOANIO OONSTITUSIfTS OF ANIMAIi 

Ain) VEGETABLE SrSBTA^CES. 

760. Preparation of the ash. — The incineration of the sub- 
stance* is best effected by placing it in a platinum dish, or 
other shallow vessel, and introducing the vessel into a muffle, 
which should then be gradually heated ; but not carried be- 
yond a very faint redness.f For merely qualitative analysis 
it will generally be found sufficient to char the substance in a 
porcelain or platinum dish, with the aid of a wide glass tube 
or lamp-glass to increase the draught. '* The heat must always 
be moderate to guard against the volatilization of certain con- 
stituents, more especially of metallic chlorides. It is not 

* Before inciDerating the substance care must be taken to free it from 
all adhering impuritiesi as these are frequently attached to plants. 

t Substances to which this mode of incineration is unsuited, are charred 
first at a gentle red heat in a large covered platinum or Hessian cmcibie, 
and the charred mats is subsequently incinerated in the muffle. 
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always necessary to continue the combustion until all the 
carbon is consumed. With ashes containing a large propor- 
tion of fusible salts, as e. g, the ash of beetroot molasses, it is 
even advisable at first, simply to char the mass in a crucible 
at the lowest possible temperature, then to treat with water 
until the principal portion of the soluble salts is extracted, 
afterwards dry the residue, and finally, incinerate it in the 
muffle" {Fresenim), Alkaline sulphates are frequently con- 
verted by the reducing action of carbon, into sulphides and 
hyposulphites. The ashes of animal substances often contain 
cyanates, which are best destroyed by moistening the ashes 
with water, and then gradually heating to redness ; one moist- 
ening is usually sufficient to convert them completely into 
carbonates. 

761« Aiuilysii of the cuih. — In the qualitative examination 
it is usual to examine the aqueous solution, the HCl solution, 
and the portion insoluble in acids separately — supposing the 
ash is not entirely soluble in water — as we thereby obtain a 
better acquaintance with its general character, and in the state 
or condition in which the constituents are present. In this 
examination we shall confine ourselves to the natural consti- 
tuents of the ashes of plants and animals ,- if accidental con- 
stituents require to be sought for, a complete qualitative 
inorganic analysis, according to the methods given in Part I 
of this work, must be undertaken. 

762. The following are the natural constituents : — 

Bases. Acids. 

Iron oxide. Silica. 

Manganese oxide. Phosphoric acid. 

Lime. Sulphuric acid. 

Magnesia. Carbonic acid. 

Soda. Chlorine. 

Potash. Fluorine. 

Lithia.* lodine.f 

* Lithia has lately been fonnd in the ash of many plants; Rabidiam 
has also been found, bat this can only be discovered by spectrum analysis, 
t Iodine and bromine need only be looked for in marine plants. 
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763. Boil the ash with water, filter, and examine the filtrate 
according to next par., and the portion insoluble in water after 
it has been well washed according to par. 767. 

764. Examination of the aqueous solution, — ^Add to about 
one-half the aqueous solution HCl, if effervescence ensues, it 
may be due to CO2, H^S, or SO2, arising from the decomposi- 
tion of hyposulphites ; examine the evolved gas for carbonic 
acid according to par. 441 ; the other two gaseous acids need 
not be attended to, as they, if present, are only due to the 
reduction of thp alkaline sulphates (406) . 

765. Evaporate the solution, which has been acidulated with 
HCl, to dryness, treat the residue with HCl and water ; if a 
portion remains undissolved it is due to silicic acid, in this case 
filter and add to the filtrate, or to the solution if there is no 
silicic acid, NH^HO slightly in excess, and then acetic acid in 
excess, and then a drop of Fe2Clg (427) ; if a precipitate is pro- 
duced, phosphoric acid is present, in that case add more Fe^Clf 
until the solution is of a slightly reddish colour. Boil the solu- 
tion whether phosphoric acid is present or not, in order to get 
rid of the iron which has been added ; when all the iron has been 
precipitated, which is known by the complete decoloration of 
the liquid, filter,and to the filtrate addNH^HOand (NH^^CoO^, 
if, after allowing the liquid to stand for some three or four hours 
a precipitate is formed Ca is present;* filter and divide the 
filtrate into two parts, to one part add NH4HO and Na2HP04, 
if a precipitate is formed after some time, Mg is present. Eva- 
porate the other portion of the filtrate to dryness, and ignite 
to get rid of and bum off all carbonaceous matter ; examine 
the residue for Na (61), for K (46), and for lithia (61). 

766. Add to a portion of the aqueous solution, which has 
not been acidified, AgNOg as long as a precipitate continues to 
form ; warm gently, and then cautiously add NH^HO ; if a 

* If CO] is present, Ca and Mg must of coarse be absent, when this is 
the case, divide the filtrate from the silicic acid precipitate into two 
portions, test one for phosphoric acid by adding NH4CI, NH4HO, MgSOf 
(424), and test in the other portion for Na, K, and Li, in the manner 
directed in pars. (51, 46, 61). 
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black residue is left, this consists of Ag2S, proceeding from a 
sulphide or a hyposulphite. Mix the ammonic solution — 
after previous filtration if necessary — cautiously with pure 
HNOji in slight excess, to effect the solution of the precipitate 
of silver phosphate formed, thus leaving only AgCl, Agl^ 
AgBr undissolved. Test separately for I according to 540, for 
Br 541, for CI 589. Neutralize the filtrate from the portion 
of the A% precipitate insoluble in HNO3 exactly with NH^HO ; 
if on the neutralization, a bright yellow precipitate is produced, 
it is ortho-phosphoric acid that is present, but if the precipitate 
is iffhite, the acid is either the pyrophosphate or the meta- 
phosphate.* 

* If a phosphate contains three atoms of fixed base, the flaidi after the 
complete precipitation of the phosphoric acid by means of AgNO,, will be 
neutral, but if it contained only two atoms or one atom of fixed base, the 
fluid after the precipitation of the acid with the silver salt, will be acid. 
Farther, argentic ortho-phosphate (AggPO^) is yellow, whilst argentic 
pyro-phosphate (Ag^PjO;), and meta-phosphate (AgPOs), are white. 
Again, an ortho-phosphate containing two atoms of fixed base is converted 
by ignition into a pyro-phosphate ; and an ortho-phosphate containing one 
atom of fixed base is converted by ignition into a meta-phosphate. We 
wiU now see how Liebig employed these &cts in his investigation into the 
constitution of the ash of the juice of the flesh from different animals : 

Liebig found that the ash of the jnice of the flesh in the case of the ox, 
horse, fox, and roe-deer, gave with water a strongly alkaline solntion, and 
that it was precipitated, first white, then yellow, by neutral AgXOs; and 
the mixture, after complete precipitation, was perfectly neutral. This 
proves that the ash contains an alkaline pyro-phosphate and an alkaline 
ortho-phosphate. When this ash was mixed with HNO3, dried up, and 
again ignited (by which means the CI of the alkaline chlorides was 
expelled), and the metals added to the phosphates in the form of oxides, 
the proportion between the white and the yellow precipitate with AgNO, 
was altered, the quantity of the yellow precipitate being increased ; but 
the two colours of the precipitate were constantly observed. 

The ash of the juice of the flesh of fowl, liebig discovered, gave a differ- 
ent result. The aqueous solution gave with AgNO^ a precipitate of pure 
white; the ash, therefore, contains an alkaline pyro-phosphate, and when 
it was acted on by HNO3 and again ignited, the soluble portion still pre- 
cipitated AgNOs only white, although an additional quantity of alkali was 
thus added to the phosphate originally present. From this it fullows, tbat 
the juice of the flesh of fowl must contain a certain, though snmll quantity 
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767. Warm then the portion of the ash insoluhle in water, 
with HCl, if effervescence ensues it indicates COj combined 
with Ca or Mg ; if Gl is evolved it denotes one of the higher 
manganese oxides. 

768. ExaminaUan of the hydrochloric sohUion. — ^Add NH4 
HO very slightly in excess, then add acetic acid in excess ; if 
a white precipitate remains undissolved by the acetic acid it is 
due to the presence of ferric phosphate ; filter a small portion 
of the liquid, and test for Fe"' with K^FeCy^, if it is present 
in the filtrate it shows that all the iron does not exist as 
phosphate ; if there is no iron present in the filtrate add some 
Fe2C]^ to the unfiltered portion until the fluid looks reddish ; 
in either case, that is, whether the iron is in excess or it is 
added in excess, boil the unfiltered portion until it is ail re- 
moved; when this is accomplished filter hot, and add to 
the filtrate NH^HO and (N 3^4)28, and allow it to stand in a 
corked flask for some time ; if a precipitate should form, test 
it for Mn ; filter and examine the filtrate for Ca and 'Mg in 
the usual way. 

769. Examination of the residue insoluhle in hydrochloric 
acid, — The residue insoluble in HCl contains — 

1. The silicic acid which has separated on treating with 
HCl. 

2. Those ingredients of the ash which are insoluble in HCl. 
These are, in most cases, ashes, sand, clay, carbon ; substances, 
therefore, which are present in consequence of defective clean- 
ing or imperfect combustion of the plants, or matter derived 
from the crucible. Only the ashes of the stalk of cereals and 
others abounding in silicic acid are not completely decom- 
posed by HCl. 

770. It is rarely necessary in an examination which is not 
going to be extended beyond a qualitative analysis to examine 
this residue further ; but in cases where it is desirable, the 

of an alkaline metaphoaphate, since, otherwise^ after the action of HNO, 
on the ash, a certain quantity of an alkaline ortho-phosphate moat have 
heen produced, and thereby a yellow precipitate must have been formed, to 
a corresponding extent, with AgNOj. 
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analysis for all the bases, with the exception of the alkalies, 
must be conducted according to par. 725, and for the alkalies 
according to par. 729. 



ANIMAL CHEMISTEY. 

771. We shall first give in groups, as far as it is possible, 
the chief organic compounds met with in the animal organism, 
with their properties and reactions ; and afterwards a method 
for the proximate analysis of mixed animal substances (940), 
and lastly a method for the analysis of urine (964). Before 
commencing the proximate analysis the student is recom- 
mended to go through the chief groups, performing all the 
experiments given. 

THE ALBUMINOID OE PEOTEIC GEOUP. 

ALBUMEir, 7IBBIV, CASEIK, GLGBITLTN, VITELLIN. 

772. JProperties of the Chonp,^ — The members composing 
this group are met with in the vegetable as well as the animal 
kingdom; they are uncrystallizable, and in their pure state 
they are tasteless and inodorous. They exist in the living 
organism both in the soluble and insoluble state ; they are 
present in the soluble form in the fluids, and in the insoluble 
form in the solid parts of plants and animals. When freshly 
precipitated from their solutions, and whilst still moist, they 
are usually whitish in colour, and appear as a flocculent pre- 
cipitate or in small clots ; when dried and unpowdered they are 
tough and gelatinous. 

773. These substances when dried, and if not exposed to 
moist air, will keep for any length of time unchanged. But if 

* Globulin is not incladed in the remarks on the properties of the 
gronp; these ohserrations only strictly apply to alhnmen, fibrin, and 
casein. 

19 
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moisty or exposed to moisture, they speedily decompose and 
putrefj, and this is one of their most striking characters ; thej 
Kt^fermenU in their decomposing or putrefying state, jeast, 
wine-lees, diastase, synaptase, pepsin, for instance, are albu- 
minoids in a peculiar state of decomposition. 

774. If these bodies are heated in close yessels (subjected 
to dry distillation), they first swell up and fuse, then blacken, 
and emit a large quantity of foetid erapyreumatic products, 
among which NH3 and H^S are always present ; and they leare 
in the retort a porous, brilliant, carbonaceous mass. When 
burned they leave a notable amount of ash ; this yaries in 
quantity in different cases, but it always contains phosphate 
of lime. 

775. They all yield the same products when treated with 
oxidizing agents, such as Mn02, or KjCrjO; and H2SO4 ; the 
volatile products are the only class which have been foUj 
examined, the following are the volatile substances which have 
been identified : 

Formic acid. Propionic aldehyd. 

Acetic acid. Butyric aldehyd. 

Propionic acid. Benzoic acid. 

Butyric acid. Hydride of benzoyl. 

Valeric acid. Hydrocyanic acid. 

Caproic acid. Yaleronitrile. 
Acetic aldehyd. 

776. The albuminoids are insoluble in alcohol and ether, 
and are even precipitated from their aqueous solutions on the 
addition of alcohol to the liquid ; the precipitate is generallj 
insoluble in water after its precipitation by alcohol. 

777. *' These substances either in their soluble, or insoluble 
state, are readily dissolved by the aid of a gentle heat in a 
solution of KHO or NaHO, the addition of an acid to their 
alkaline solution so obtained causes the separation of a greyish 
flocculent precipitate, termed by Mulder protein, while a slight 
odour of H^S is emitted, and a smidl quantity of phosphoric 
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acid 18 also found in the solution. This precipitation is best 
effected bj means of acetic acid, since the mineral acids are 
obstinately retained by the flocculi." — Miller, 

778. In concentrated H^SO^ these substances dissolve with 
a brownish-red colour. 

779. Concentrated HNOg produces in solutions of these 
substances a precipitate of a bright orange colour, which 
gradually dissolves in the acid with effervescence; HNO3 
added to the substances in the insoluble state colours them 
yellow and finally dissolves them. Mulder considers the yellow 
colour to be due to the formation of a distinct compound 
which he has called xanthoproteic acid. 

780. When to a solution of these substances concentrated 
HCl is added, and the solution is gently warmed, a white pre- 
cipitate is first produced, which gradually dissolves, forming, if 
in contact with ' atmospheric air, a blue or violet-coloured 
liquid. The reactions with HNOg and HCl are very character- 
istic of the albuminoids. 

781. Most acids produce a precipitate in solutions of these 
substances, but when they are added in excess redissolve the 
precipitate; when these acid solutions are diluted with a 
moderate quantity of water, a precipitate is formed which dis- 
appears on the further addition of water. 

782. Metaphosphoric acid produces a precipitate in solutions 
of these substances, but an excess of the acid does not redis- 
solve the precipitate. 

783. Tannic acid produces a precipitate in solutions of these 
substances, and an excess of the acid does not redissolve the 
precipitate. 

784. The acid solutions, but not the aqueous solutions, of 
the albuminoids give a precipitate with potassic ferrocyanide 
and ferricyanide ; the next group of substances gives no pre- 
cipitate with these reagents. 

785. If a solution of Hg, prepared by dissolving two parts 
of it in four parts of HNO3, of sp. gr. 1*40, be added to a solu- 
tion of the albuminoids, or, if in the solid state, they are 
moistened with the Hg solutions, and the moistened solid or 
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the fluid is then heated to a temperature from 60° to 100° C, 
an intense red colour is produced, which is not destroyed by 
boiling water, nor by exposure to the air; the colour is so 
intense that it may be perceived on adding the mercurial solu- 
tion to a liquid containing not more than 1 part of albumen in 
100,000 parts of water. The Kg solution gives a similar 
coloration with the members of the next group. 

786. The aqueous solution of these bodies is precipitated bj 
copper, lead, and mercury salts, the precipitate generally con- 
sists of the employed salt as well as the albuminoid. 

787. If a solution of these substances be mixed with a solu- 
tion of CUSO4, and then a large excess of KHO be added, the 
greenish precipitate first formed is redissolved, and the liquid 
acquires a purple tint of great intensity and magnificence. The 
same reaction takes place with the next group of substances, 
and probably with any of the more complex nitrogenous sub- 
stances. 

788. In the living organism, fibrin, casein, and albumen are 
converted into one another, for example, the casein in milk, 
when this substance is used as food, must be converted in the 
animal economy into albumen and fibrin, and the two latter 
albuminoids lAust be converted into casein in the formation of 
milk. As the albuminoids have the same or nearly the same 
constitution, as shown by the following analyses, their conver- 
sion into one another can be easily accounted for. In the sub- 
joined analyses the ash has been deducted previous to cal- 
culating the composition in 100 parts : — 





Albumen. 


Kbrin. 


Caaein 


Carbon .... 


63-3 


63-0 


53 83 


Hydrogen .... 


72 


6-9 


715 


Oxygen .... 


22- 


23-5 


22-52 


Nitrogen .... 


15.7 


15.4 


15-65 


1 Sulphur .... 


1-8 


1-2 


0-85 


1 


100.0 


1000 


100-00 
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89. The detennination of the rational formula of bodies 
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like the albumiaoids is beset with difficulties ; the difficulties 
are bo great with regard to these substances that thej haye 
not yet been overcome, and consequently their rational for- 
mula has not been determined. Different views have, how- 
ever, been put forward to explain the relation between thetn, 
for, from their great similarity in composition and properties, 
there can be no doubt but that they are very closely related. 
The first view we shall notice is that of Mulder, as, although 
now abandoned, it is constantly referred to in works on the 
science ; this view when first promulgated by the author was 
almost universally accepted by chemists, but they have long 
regarded it as erroneous. 

790. Mulder considered that the flocculent precipitate 
obtained by adding an acid to an alkaline solution of the albu- 
minoids was free from sulphur and phosphorus, and that this 
nitrogenized precipitate has identically the same composition, 
whether obtained from fibrin, albumen, or casein. This sub- 
stance, which he called protein, he regarded as the fundamental 
principle of each of the albuminoids, and that albumen, fibrin, 
and casein were produced by the combination of different 
quantities of sulphur and phosphorus with protein ; admitting 
this view of the construction of these bodies, it was easy to 
account for their conversion into one another, for the elimina- 
tion or combination of small quantities of sulphur and phos- 
phorus was all that was required to effect the change. 

791. The so-called protein substance, Liebig has shown, is 
never obtained free from sulphur, that it always contains a 
small but variable quantity of this element ; he considers that 
the precipitate is not a new and distinct substance, but that it is 
the original body slightly modified by the action of the potash. 

792. " Gerhardt was of opinion that all the albuminoids are 
identical, not only in composition, but in chemical constitution, 
and that they differ from one another only in molecular arrange- 
ment, and by the nature of the mineral substances with which 
they are associated ; in fact, that they contain a common prox- 
imate element, which, like many other organic compounds, is 
capable of existing in a soluble and an insoluble modification. 
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Designating this common element bj the name albumin, he 
supposed that white of egg and serum consist of acid albumi- 
nate of sodium, which is separated by heat into free albumin 
and neutral albuminate of sodium, the latter remaining dis- 
solved; that casein, which is soluble and non-coagulated hj 
heat, consists of neutral albuminate of potassium, from which 
the organic compound may be precipitated by neutralizing the 
alkali with an acid ; and that fibrin is albumin in the insoluble 
state, more or less mixed with earthy phosphates. This view 
is in accordance with the fact that fibrin and casein may be 
dissolved in neutral potash salts (better with addition of a 
little caustic alkali), forming a liquid which coagulates by 
heat, and deflects the plane of polarization of a luminous ray 
to the lefl, like albumin; and that fibrin and albumin, dis- 
solved in a certain quantity of caustic alkali, exliibit the 
characters of soluble casein. Nevertheless, it is possible to 
obtain the albuminoids in some cases wholly, in others very 
nearly, free from mineral matters, and nevertheless exhibit- 
ing their distingmshing characteristics. 

798. '^ Strecker supposes the albuminoids to be composed of 
a great number of radicles (a supposition in accordance with 
the variety of their products of decomposition), that the 
greater number of these radicles are the same in all, hence 
their great similarity; but that each contains one or more 
such radicles peculiar to itself. Thus, when casein is con- 
verted in the animal body into albumen and fibrin, it may 
take the radicles required for that transformation from the 
other constituents of the milk, viz. the fat and the sugar.*' — 
Watts* ' Dictionary of Chemistry,* 



ALBUMEN. 

794. Properties of soluble Albumen, — An aqueous solution 
of albumen is a tasteless, odourless, and colourless, but some- 
what glairy, liquid. It exerts a left-handed rotatory action 
upon a ray of polarized light. It is adhesive, and when spread 
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on paper it formB when dried a varnished surface. Soluble 
albomen in the solid state is translucent and of a pale yellow 
colour; it is tasteless and odourless; it swells in water, 
assuming a gelatinous appearance : it does not dissolve freelj 
in pure water, but verj readily in water containing any alkaline 
salt. 

795. If its aqueous solutions are evaporated to dryness at a 
temperature not exceeding 49^ C, the solid albumen thus 
obtained will dissolve, although slowly, in water ; its solution 
is greatly promoted by the addition of NaCl or any salt of the 
alkalies; a varying quantity of the albumen always becomes 
converted by the evaporation into the insoluble state. 

796. If an aqueous solution of albumen is heated to about 
66° C. it becomes opalescent, and at 77° C. it becomes entirely 
converted into the insoluble form. This conversion of the 
soluble into the insoluble form by heat, is the most character- 
istic property of albumen. The reason of the conversion is 
not known. Dumas thinks that it is probably a simple isomeric 
modification analogous to the conversion of cyanic into cyanu- 
ric acid. 

797. Actum of alcohol, ether, Sfe, on soluble Albumen. — Strong 
alcohol precipitates albumen from its solutions, and after its 
precipitation by this liquid it will not redissolve in water. If 
the alcohol is rendered slightly alkaline by KIIO it causes no 
precipitate in solutions of albumen. Weak alcohol also pre- 
cipitates albumen from its solution, but the precipitate redis* 
solves completely in water. 

798. Ether, if free from alcohol, only gelatinizes the albu- 
men, it does not coagulate it. 

799w Zreaeote and aniline precipitate and coagulate it im* 
mediately. 

800. Rennet does not precipitate it from its solutions. The 
volatile bsA fixed oils have no action upon it. 

801. Action of acids on soluble Albumen. — The action of 
concentrated H^04, HCl and HNO3 on albumen, and the 
other albuminoids has already been noticed (778, 779, 780). 
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S02. Dilute 'H.^^O^ produces no precipitate in solutions of 
albumen until tbe liquid is boiled. 

803. Dilute HCl precipitates it at first, but afterwards re- 
dissolyes it ; this solution becomes milky on the addition of a 
little water ; but if more water is added it becomes perfectly 
clear again. 

801. Dilute HNO3 precipitates it readily and completely, 
and does not redissolve it ; the precipitate is soluble in a large 
quantity of water. Dilute HNO3 is frequently employed as a 
test for tbe presence of albumen. 

805. Metaphosphoric acid precipitates it immediately and 
completely. The ortho- and pyro-phosphoric acids do not 
precipitate it. 

806. The organic acids, tannic acid excepted (783), cause no 
precipitate in moderately concentrated solutions pf albumen ; 
its solutions, in the presence of organic acids do not coagulate 
by heat, but a pellicle gradually forms over the surface during 
evaporation. 

807. Serum or white of egg mixed with a certain quantity 
of NaCl, or other salt of an alkali-metal, forms a liquid preci- 
pitable by phosphoric, acetic, tartaric, oxalic, and lactic acids, 
Ac. ; conversely, a solution of albumen (or other albuminoidal 
substance) in acetic acid is precipitated by the salts of the 
alkali-metals. The precipitation is greatly facilitated by heat, 
and likewise takes place with greater facility as the proportion 
of salt added is greater. The precipitate dissolves in pure 
water, with greater facility in proportion as less heat has been 
applied in producing it ; the solution is not coagulated by heat. 
It is soluble also in acetic acid, phosphoric acid, and even in 
alcohol, provided it has not been altered by desiccation, or by 
contact with the air. The aqueous solution is precipitated bj 
certain salts, potassic ferrocyanide for example. 

808. When a small quantity of acetic acid is added to white 
of egg or serum, so as just to saturate the alkali, and the liquid 
is then largely diluted with water, flocks of albumen are depo* 
sited after a while. If the supernatant liquid be then decants, 
and the precipitate treated with a small quantity of solution of 
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KNOj) or NaCl, it immediately dissolyes, and the solution is 
coagulated on boiling. 

809. Dried soluble albumen suspended in acetic, tartaric, or 
citric acid, swells up and is converted into coagulated albumen, 
which may be completely freed from acid by washing. 

810. CI and Br precipitate albumen from its solutions. 

811. Action of salts on soluble Albumen, — ''The greater 
number of the metallic salts, as iron, copper, lead, mercury, 
silver, antimony, aluminum, precipitate albumen ; the precipi- 
tate consisting either of a combination of a basic salt with albu- 
men, or a mixture of two compounds, one of which consists of 
the acid of the salt and albumen, and the other of the base of 
the salt and albumen. The albumen generally passes into the 
insoluble state in these combinations ; the precipitate is gene- 
rally soluble in an excess of serum or white of egg, and in some 
cases in the salt which produces it. Albumen, owing to its 
forming precipitates with them, is a valuable antidote in cases 
of poisoning by metallic salts. 

812. '' HgCl2 is a delicate test of the presence of albumen, 
a liquid containing only a two-thousandth part of solid albumen 
is precipitated by it. The white precipitate formed is an inso- 
luble compound of the salt with the organic substance ; albu- 
men, it is well known, is the antidote which is employed in this 
form of poisoning." 

813. The action of the alkalies and alkaline carbonates on 
soluble Albumen. — The presence of an alkali, or an alkaline 
carbonate, in a liquid containing albumen, greatly modifies the 
reactions of that substance ; if the alkali is present in consider- 
able quantities the solution does not coagulate by heat ; but if 
it be evaporated, a pellicle forms over the surface similar in 
appearance to that produced upon a solution of casein by heat. 
Also, if to an alkaline solution of albumen, acetic, tartaric, or 
ortho-phosphoric acid, acids which in neutral or slightly alka- 
line solutions of albumen cause no precipitate, is added, a 
precipitate is produced whicb readily dissolves in an excess of 
the acid. These characters resemble those of casein and some 
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cjiemists have supposed that casein is simplj an albuminate of 
potash. 

814. If alcohol be added to an alkaline solution of albumen, 
it causes, as we have already noticed, no precipitate. 

815. If a concentrated solution of KHO be added to a con- 
centrated solution of albumen, albuminate of potash in the 
form of a gelatinous mass is produced ; by washing the preci- 
pitate with cold water the greater part of the alkali can be 
removed, 5*4! per cent, of the alkali only remaining. If the 
gelatinous mass be washed with alcohol and then with water, 
it is insoluble in boiling alcohol and boiling water ; but if it 
be washed with cold water, it is soluble in boiling water and 
boiling alcohol. 

816. Properties of insoluble Albumen. — Insoluble albumen 
when moist appears as a white opaque elastic solid, it turns 
blue litmus red. When dried it is of a pale yellow colour, 
and becomes brittle and translucent like horn. If the dried 
substance be immersed in water it absorbs about four or five 
times its weight of water and regains the consistence of the 
undried substance. When coagulated albumen is boiled in 
water for about sixty hours in open vessels it undergoes 
gradual decomposition, and a soluble compound is obtained 
which according to Mulder is terozide of protein and ammonia. 
If heated to 149^ C. with a small quantity of water in a sealed 
tube the albumen is redissolved, and furnishes a liquid which 
does not coagulate by heat, but which, when atidulated with 
acetic acid, gives a precipitate with potassic ferrocyanide. 

817. On the varieties of Albumen. — "The properties of albu- 
men vary in some degree with the source from which it is 
derived. The differences may in some cases be attributed to 
the presence of different mineral substances, but in others 
they are of such a nature as rather to point to the existence 
of different modifications of albumen. Thus Fremy and Valen- 
ciennes have found that the albumen of the eggs of certain 
tribes of birds exhibits peculiar modifications. That from the 
eggs of different species of gallinaceous birds always exhibits 
the characters above described ; but the eggs of swimming 
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and wading birds yield an albumen wbicb, when dilated with 
three measures of water, is not coagulated by heat, but is pre- 
cipitated by HNO3 ; and the albumen from the eggs of preda- 
ciouB birds and some kinds of perching and climbing birds is 
neither coagulated by heat nor precipitated by nitric acid. 
The composition was, however, found to be the same in all 



818. '^ Blood-albumen exhibits the same reactions as that 
from white of egg, excepting that the latter when boiled gives 
up part of its sulphur in the form of sulphuretted hydrogen, 
which blood-albumen does not ; nevertheless coagulated white 
of egg appears to contain more sulphur than blood-albumen. 

819. *' Scherer found in a liquid obtained from a case of ova- 
rian dropsy a substance resembling albumin, but differing 
from it in not being completely precipitated by ebullition 
even after addition of acetic acid, and in dissolving in water 
after being precipitated by alcohol ; this modification he named 
Paralbumin. 

820. Metalhwmin is the name given by the same chemist to 
another supposed modification of albumin, likewise obtained 
from a pathological fiuid, which exhibited similar peculiarities 
to the preceding, and was further distinguished by giving no 
precipitate with HCl, or with potassic ferrocyanide after acidu- 
lation with acetic add." — WaM Diciianary of Chemiatry,^^ 



FIBEIN. 

821. Fibrin exists only in solution in the living plant or 
animal, for as soon as the solution is removed from the living 
organism it immediately begins to coagulate ; this character 
distinguishes it from other analogous substances. The coagu- 
lation of the fibrin is prevented if the blood or other liquid 
containing the fibrin, at the moment it leaves the living organ- 
ism, is mixed with solutions of certain salts, such as potassic 
carbonate or nitrate, sodic acetate, sulphate or chloride. 

822. Froperties of Fibrin. — TJndried coagulated fibrin ap- 
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pears in the fonn of long, white, elaBtdc filaments, but when 
dried it forms a homy yellowish or grey solid. Both in the 
dried and UDdried state it is tasteless and insoluble both in 
hot and cold water, in alcohol, ether, &c. When long boiled, 
however, with water, it is, like albumen, gradually dissolved ; 
by the exposure to heat and moisture it has evidently under- 
gone decomposition, for the solution contains traces of ammo' 
nia. If undried fibrin is covered with water, it becomes in a 
few days viscid and acquires the odour of old cheese. 

823. Action of acids on Fibrin. — The action of concentrated 
HCl, H2SO4, and HNO3, on fibrin and the other albuminoids 
has already been noticed (778, 779, 780). 

824. When fibrin is immersed for about twelve hours in 
water slightly acidulated with HCl, it becomes gelatinous, and 
when this jelly is triturated with water, it yields a solution 
which coagulates by heat, is precipitated by potaasic ferro- 
cyanide, and affords a precipitate on the addition of HCl, not 
soluble except in an excess of this acid. According to Dumaa 
and Cahours, water containing a millionth part of HCl or 
HBr gelatinizes fibrin, and if a few drops of gastric juice 
(pepsine) be then added, it is entirely dissolved in a couple of 
hours at a temperature of 85° to 38° C. Bennet produces the 
same effect. 

825. Metaphosphoric add does not dissolve fibrin. Ortho- 
phosphoric acid converts it into a gelatinous mass which is 
soluble in water, the fibrin is not precipitated from this solu- 
tion on the further addition of the acid. 

826. Concentrated acetic acid converts it into a gelatinous 
mass which is soluble in pure water. H2SO4 and HPO3 pre- 
cipitate it from this solution, the precipitate consisting of a 
compound of fibrin and the precipitating acid. Fotassic ferro- 
cyanide precipitates fibrin from its acetic solution. Alkalies 
also precipitate it, but it is redissolved by an excess of the 
alkali. According to Dumas the fibrin of young animals ia 
more easily acted on by acetic acid than that of old ones, so 
that there is in this respect a material difference between the 
fibrin of veal and of beef. 
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827. Action of the alkalies on Fibrin. — Weak solutions of 
KHO and NaHO dissolve fibrin, NH^HO exerts the same in- 
fluence, but less rapidly ; acetic and phosphoric acids and also 
the metallic salts precipitate fibrin, as they do albumen, from 
its alkaline solutions. Indeed an alkaline solution of fibrin 
resembles an alkaline solution of albumen in most of its cha- 
racters. 



CASEIN. 

828. Properties of soluble Casein. — Although this substance 
is met with in a state of solution in milk it is doubtful 
whether it has a soluble form; it is considered that its 
soluble state in milk is due to a small quantity of free alkali ; 
casein in solution does not coagulate by heat, the solution 
merely becomes covered with a film which is formed as often 
as it is removed. The casein of milk when obtained in the 
soHd state does not redissolve completely in water. 

829. Action ofalcoholy rennet^ Sfc,^ on soluble Casein, — Casein 
in solution is coagulated by alcohol, a portion at the same 
time entering into solution ; a larger quantity is dissolved by 
boiling alcohol. The coagulum produced by absolute alcohol 
is insoluble in pure water ; but the portion dissolved by alco- 
hol is, after the removal of the alcohol, found to be still soluble 
in water. 

830. Bennet (the inner membrane of the fourth stomach 
of the calf, salted and dried), or an infusion of it prepared 
at a low temperature, coagulates casein completely; this is 
the most remarkable and important mode of coagulating casein. 

831. Action of acids on Casein, — The action of concentrated 
HCl, H3SO4, and HNO3, on fibrin and the other albuminoids 
has already been noticed (778, 779, 780). 

832. Casein is precipitated from its solutions by all acids 
with the exception of carbonic acid, the precipitate redissolves 
in an excess of the acid ; from its solution in acetic add the 
mineral acids and potassic ferrocyanide precipitate it. 
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883. The coagulation of milk is due to the lactic acid, wUch 
is formed from lactine, neutralizing the alkali which renders 
the caeein soluble, and thus causing that substance to pass 
into its insoluble state. 

834. Action of bates and of salts. — " Coagulated casein is 
readilj dissolved bj solutions of the alkalies and of the alka- 
line carbonates ; and if the solution be very feeblj alkaline, 
the alkaline reaction maj be completely neutralized by the 
casein. Solutions of NaCl, of KNO3, and of NH4CI, likewise 
dissolve casein with facility, and these solutions, when eva- 
porated by the aid of heat, become covered with an insoluble 
pellicle. Casein also unites with the alkaline earths and forms 
compounds which are insoluble in water. If a piece of poor 
cheese, which consists principally of casein, be reduced to a 
paste with water and mixed with CaHgO^ it produces a tena- 
cious lute, which sets very hard, and may be used for cement- 
ing pieces of broken earthenware. In consequence of the 
tendency to the formation of these insoluble compounds, a 
solution of casein is precipitated by calcic salts or by MgSO^, 
upon the application of heat to the mixture ; this reaction is 
very characteristic of casein. Most of the metallic salts, such 
for instance as acetate and basic acetate of lead, CUSO4, HgNOs, 
and HgCl2t occasion precipitatqp in the cold with solutions of 
casein." — Miller, 

Globulin. 

835. Globulin occurs in the cells of the crystalline lens in 
a very concentrated solution ; it was also considered to be 
present in red globules of Yertebrata, but later researches 
regard the two substances as distinct, the substance extracted 
frpm the blood is called Hsematoglobulin or Htematocrystallin ; 
it is decomposed by heat, by alcohol, by acids, and by alkalies 
into hsBmatin and albumen. 

836. Globulin is very similar to albumen in its properties, 
but it is distinguished from that substance by " its solutions 
not becoming opalescent at a lower temperature than 78° ; at 
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83^ it assumeB a milkj turbiditj, and at 93^ C. separates as 
a milky coagulam which never becomes clear on filtration, 
and from which neither small quantities of acetic acid nor 
ammonia separate flakes capable of being removed by filtra- 
tion ; it is only when neutral alkaline salts are added, and the 
solution is then boiled, that the fluid becomes perfectly clear 
and flakes and small clots are deposited. The following reac- 
tion is very characteristic of globulin ; its solution is not pre- 
cipitated either by acetic acid or by ammonia, but it becomes 
strongly turbid when the fluid treated with acetic acid is neu- 
tralized with ammonia, or conversely when after the addition 
of ammonia it is neutralized with acetic acid. No other solU' 
hie albuminoid is precipitated both from its acid and its alka- 
line solution by neutralization, although almost all the insoluble 
albuminoids possess this property — a circumstance which aflbrds 
a proof that globulin is reduced to the coagulated state both 
by an excess of alkali and by an excess of acid.'' — Zehmann. 

837. Vitellin. — This name was given to the albuminous body 
of the yelk of egg ; it is now known to be merely a mixture of 
albumin and casein. 

838. Mecapitulation and remarks, — This group of substances 
is distinguished from a large number of substances by con- 
taining nitrogen; the method for testing organic substances 
for this element is given at par. 749. 

839. The substances forming this group are distinguished 
from a large number of organic substances containing nitrogen, 
by containing sulphur; the method for testing organic sub- 
stances for this element is g^ven at pars. 750 to 754. They are 
distinguished from the next group of substances by being pre- 
cipitated from their acid solutions by potassic ferrocyanide. 

840. Albumen is usually distinguished and separated from 
the other members of the group, by warming the fluid and 
coagulating ; if the solution is alkaline it is necessary to neutra* 
lize it with acetic acid, care being taken not to add the acid in 
excess before warming the liquid ; if the solution is very acid it 
ought to be neutralized, or the acid or alkaline liquid, instead 
of being neutralized, is treated with a strong saturated solu- 
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tion of NH4CI ; when NH4CI is employed, the solution re- 
quires a longer boiling in order to completely precipitate the 
albumen &om the fluid than if it had been neutralized. 

841. Fibrin is distinguished from the other albuminoids by 
the property which- it possesses of coagulating spontaneous! j; 
it can exist only in the soluble form in the living plant or 
animal. 

842. Casein in the absence of, or after the removal of, albu- 
men, may be detected by adding to the solution MgS04, ^' 
CaClj, and then warming the solution ; if casein is present a 
precipitate will be formed. But the test which distinguishes 
it from the other albuminoids is rennet; to render this 
test reliable, the rennet must be tolerably fresh, or at least 
free from all putridity; the mixture should be digested 
for a period not exceeding two hours, and at the temperature 
of 40°C. 

GELATIGENOUS GROUP. 
Gelatin. Chondein.* 

843. Properties of the ^roup. — "Under the term gelatru we 
include the organic tissue of bone, cartilage, sinew, ligament, 
skin, cellular tissue, and serous membrane ; all these sub- 
stances dissolve by long-continued boiling in water, and the 
solution on cooling becomes a consistent gelatinous mass. It 
is represented in various degrees of purity by glue, size, and 
isinglass. Gelatin does not exist as gelatin in the animal 
tissues, but is formed from them by the action of boiling water. 
Miiller has shown that there are two (if not three) distinct 
forms of gelatin. To that which is obtained from the perma- 
nent cartilages, the cornea, fungous bones, &c., the term 
chondrin is given, while glutvn includes those forms of gelatin 
which are obtained from skin, serous membrane, hoof, bone, 
tendon, fibrous and spongy cartilage, cartilage of bone, &c. 

• There are two other bodies knowti — Fibroin and Chitin— which belong 
to this group, but we have omitted them on account of their uniio- 
portance. 



01* THX a£LA.TIO£l!rOUS GBOUP. 



805 



844i. The gelatigenous substances have hitherto been found 
only in animals. They contain a smaller amount of carbon 
and sulphur and a larger amount of nitrogen than the mem- 
bers of the albuminoid group, as will be seen on comparing 
the following table with the one given at par, 788. 





Chondiin. 


Gelatin. 


Carbon . 
Hydrogen 
Nitrogen • . 
Sulphur . 
Oxygen , 


49-97 
6-63 

14-44 
0*38 

28-58 


50-40 

6*64 

18*34 

\ 24*62 


100-00 


100-00 



845. The members of this group yield the same products as 
the members of the preceding group when treated with oxi- 
dizing agents, such as MnOj, or KjCfjOy, and H2SO4 (775). 

846. These substances also give the same reaction as the 
members of the previous group with HgNOg, par. 785. 

847. The members of this group are especially distinguished 
by the following properties : they swell and become very trans- 
lucent in cold water ; they dissolve in hot water ; on cooling 
they separate as translucent masses, and are precipitated from 
the most dilute solutions by chlorine, tannic acid, and most 
of the salts of the earths and metals. 



GKLATnr (Qlutin). 

848. Gelatin in a state of purity is a colourless transparent 
solid, which is hard, homy, and brittle ; it is devoid of taste 
and smell, and has no action on vegetable colours. It is inso- 
luble in alcohol and ether ; it is insoluble in cold water, but 
softens and swells up in it; in toarm water it dissolves,, but the 
liquid as it cools becomes converted into jelly, gelatinizes, 
hence the name gelatine ; 1 part of pure gelatin dissolved in 
about 80 parts of water, is sufficient to cause the liquid to 
gelatinize when it cools. If a solution of gelatin is boiled 

20 
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for a length of time, it does not gelatinize on cooling; the 
gelatin appears to be converted by the boiling into an 
isomeric modification which does not possess the property of 
gelatinizing. 

849. Lime and lime phosphate are much more soluble in a 
solution of gelatin than in cold water. Common glue always 
contains a large quantity of lime phosphate, and this substance 
is considered by Mulder to be an essential constituent of 
gelatin; and it may be observed that chemical compounds 
of gelatin and lime phosphate can be prepared. 

850. Moist gelatin exposed to the air rapidly putrefies ; the 
liquid at first becomes highly acid, but afterwards gives off a 
large quantity of ammonia. This property of first becoming 
acid is characteristic of gelatin. 

851. Action of acids on Gelatin. — Gelatin is soluble in all 
the dilute acids with the exception of tannic add ; and it is 
not precipitated from its solutions by any of the adds except 
tannic acid. 

852. It is dissolved by concentrated HjSO^ in the cold 
without change of colour. The solution diluted with water, 
and boiled, yields leucine, glycocine (sugar of gelatin), and 
some other products. 

858. When gelatin is boiled with concentrated KNO3, 
it becomes gradually converted into oxalic add, saccharic 
acid, and two substances resembling suet and tannic add. 
When a solution of gelatin in dilute HNO3 is evaporated, 
nitrous gas is evolved, and the residue deflagrates just before 
dryness. 

854. Tannic acid is a most delicate test of the presence of 
gelatin ; when it is added to a solution of 1 part of gelatin 
in 5000 of water, a cloud is evident, and on adding the add to 
a strong solution, a dense light coloured predpitate is produced, 
(tanno-gelatin) which is insoluble in water, alcohol, and ether, 
but soluble in a warm solution of potash. The composition of 
the precipitate does not appear to be constant. Tanno-gelatin 
is identical with leather. 

855. Action of chlorine, — If CI is passed through a solution 
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of gelatin, a white pellicle forms round eacli bubble of tbe gas, 
and finally the whole of the gelatin ia precipitated in the form 
of white elastic flakes or filaments. The precipitate is taste- 
less, slightlj acid, imputrescible, insoluble in water and alcohol, 
but soluble in acids; its composition is not known. No 
similar substance is obtained bj substituting Br or I for Gl. 

856. Return of the alkalies. — ^A pure solution of gelatin is 
not precipitated bj dilute solutions of the alkalies. When 
the gelatin solution is boiled with a concentrated solution of 
KHO it is decomposed into leucine, gljcocine and other pro- 
ducts. The same change takes place when gelatin is carefully 
fused with solid KHO. 

857. The solubility of lime and its phosphate in solutions 
of gelatin has already been noticed. 

858. Aeiian of salU. — " Lead, copper, aluminum, and iron 
salts, do not produce any precipitates in solutions of gelatin, 
but if a solution of KHO be added to the mixture of gelatin 
with alum, or with ferric sulphate, the basic aluminic or ferric 
sulphate which is formed carries down a large proportion of 
gelatin." 

859. HgCl2 precipitates gelatin from its aqueous solution. 

CHOlTDEIir. 

860. Chondrin is transparent, homy, and glistening, it 
softens to a jelly in cold water, and in warm water it dissolves, 
but the liquid as it cools gelatinizes. It is insoluble in alcohol 
and ether. If a solution of chondrin be boiled for a length of 
time it does not gelatinize on cooling. 

861. Action rfaeidB. — '' Nearly all acids, even organic acids, 
precipitate chondrin from its aqueous solution. The precipi- 
tate formed by hydrochloric, sulphuric nitric, phosphoric, 
phosphorous, chloric, or iodic acid, redissolves easily in excess 
of the acid ; that formed by sulphurous, pyrophosphoric, hydro- 
fluoric, carbonic, arsenic, acetic, tartaric, oxalic, citric, lactic 
succinic or tannic acid does not redissolve in excess of the acid 
employed. 
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862. " strong H2SO4 dissolves chondrin, forming a syrapr 
liquid, which, when diluted with water and boiled, yields 
leucine without giycocine. HgSO^ slowly decomposes chondrin. 
HNOg, by prolonged action, converts it into xanthoproteic 
acid. 

863. Action of chlorine, — " The aqueous solution of chondrin 
treated with CI yields a precipitate. 

864. Action of salts. — *' Alum, aluminic sulphate, plumbic 
acetate and basic acetate, cupric sulphate, ferrous and ferric sul- 
phates, ferric chloride, mercurous and mercuric nitrates, produce 
copious precipitates in a solution of chondrin, soluble for the 
most part in excess of the reagent. The precipitates formed 
by acetic acid, alum and aluminic sulphate, dissolve completelr 
on adding a sufficient quantity of potassic or sodic acetate, or 
of common salt. The precipitate formed by Fe23S04 redis- 
solves on heating the liquid. 

865. ^' HgClj does not precipitate a solution of chondrin ; 
sometimes a slight turbidity is produced, owing apparently to 
the presence of a little gelatin." 

866. Recapitulation and remarks. — This group of substances 
is distinguished from a large number of organic substances by 
containing nitrogen. They are distinguished from the members 
of the preceding group by potassic ferrocyanide producing 
no precipitate in their solutions. And their peculiar behaviour 
with water at once distinguishes them from all other sub- 
stances. 

867. Gelatin is distinguished &om chondrin by giving a 
precipitate with HgClj. 

868. Chondrin is distinguished from gelatin by being coagu* 
lated by the vegetable acids such as acetic acid, as well as by 
alum, and by the neutral and basic lead acetates. 
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SUGARS. 
MiLK-suaABy Gbape-sugab (Glucose), Ikosite. 

869. As milk*Bugar, glucose, and inosite, are the chief 
varieties of sugar met with in the animal kingdom, they are 
the only sugars we shall notice in this part of the work. 

870. The sugars are all soluble in both cold and warm water 
but they are more soluble in hot water than cold* They all 
possess a sweet taste ; but there are great differences in the 
relative sweetness of the different varieties. 

Sugar of milk (Lactin, Lactose) CJ2H22O11H2O. 

871. This variety of sugar is an animal product, it is found 
only in the milk of the mammalia, and is the substance which 
gives the sweet taste to fresh milk. It forms white, trans- 
lucent four-sided prisms, of great hardness. It is soluble in 
about six parts of cold, and two parts of boiling water ; it does 
not form a syrup, and has only a feeble sweet taste. It is 
insoluble in alcohol and ether. Its aqueous solution produces 
right-handed rotation of a ray of polarized light. 

872. It is converted into glucose when boiled with dilute 
acids. HNO3 converts it into mucic acid, with a little oxalic 
acid ; it differs from the other sugars, and resembles the gums 
in furnishing these acids by the action of IINO3 upon it. 

878. It becomes gradually converted in milk, from the in- 
fluence of the caseous matter, into lactic acid, thus : — 0^2^22^11 

874. Milk-sugar reacts with CUSO4 and KHO, exactly in 
the same manner as glucose (880). 

Grape or Starch Sugar, GlucosCy CgHij^e^^- 

875. Grape-sugar abounds in grapes, figs, plums, and other 
fruits; it is also formed from starch, cane-sugar, and woody 
fibre, by processes which will be described under Vegetable 
Chemistry. It is also a morbid constituent of the urine in the 
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disease called diabetes, its appearance in the urine is the most 
characteristic feature of the disease. 

876. " Qlucose crystallizes with difficulty in warty concre- 
tions, composed of hard transparent cubes. It forms vitli 
jN'aCl a compound that crystallizes with facility, which is a 
distinctive character of this variety of saccharine matter. 

877. '' Glucose is distinguished from cane-sugar by several 
characters ; it is considerably less soluble in water than cane- 
sugar, though it is more readily taken up by alcohol, and erja- 
tallizes from a hot solution of alcohol containing not more than 
5 per cent, of water in anhydrous prisms (C^^H^j^s)* ^^ 
requires nearly two and a half parts of glucose to produce the 
same sweetening effect as is produced by one part of cane- 
sugar. The action of H2SO4 upon grape-sugar is quite different 
from its action upon cane-sugar, as, instead of charring and 
destroying it as it does cane-sugar, it forms with it a definite 
compound acid, the solution of which is pale yellow ; this add 
has been termed sulphosaccharic acid " {O^^i^OJ&O^. 

878. Grape-sugar is resolved in contact with yeast or other 
ferments into alcohol, carbonic acid and water: thus — Cfl^ 
OgttjO = 2C2H6O + 2CO2 + H2O. 

879. When a solution of grape-sugar is heated with a sola- 
tion of one of the fixed alkalies it is rapidly decomposed, which 
is evidenced by the fact that the liquid darkens in colour and 
finally becomes nearly black. This action of the fixed alkalies 
on grape-sugar has been proposed as a test for sugar in urine ; 
it is called Moore's test and is employed as follows : — To the 
suspected urine, an equal bulk of the ordinary solution of KHO 
is to be added and the whole boiled gently for about fire 
minutes ; a deep orange-brown or black colour will be produced 
if sugar is present. This ought only to be employed as a 
confirmatory test, as in many cases it might prove very fiilla- 
cious. 

880. The dark brown substance (melassic acid), which is 
produced when an alkaline solution of sugar is heated, has a 
very powerful affinity for oxygen, it speedily reduces CuO 
black oxide to Cu^O the red oxide when a cupric salt is added 



OF eLTJCOSl. 311 

to the alkaline solution of sugar. On this property is founded 
the most valuable chemical test for sugar which we possess ; 
this is known as Trommer's test. The simplest plan of 
employing this test is to add a solution of KHO in tolerable 
excess,* if a precipitate is produced, as is frequently the case 
in urine, filter and to the filtrate (in a test-tube) add a few 
drops of a very dilute solution of CuS04.t If sugar is present, 
the precipitate which first forms is redissolved on shaking, and 
the fluid becomes of a clear blue colour. This blue solution is 
then heated to boiling, whereon a yellow cloud (hydrated CU2O) 
forms, which speedily changes to a red (the anhydrous Cu^O) 
precipitate. 

881. When testing urine for sugar by this method the 
mixture of urine and KHO should not be warmed before the 
addition of the copper solution, and it ought only to be boiled 
gently for a minute or two, as several substances besides 
Bugar separate GugO from alkaline solutions of copper if 
the boiling is prolonged. A counter experiment ought there* 
foie always to be made by leaving at rest one half the mixture 
of urine, potash, and copper solution, before it has been 
warmed, for six to twenty-four hours without being heated, 
if sugar is present in the urine a separation of CU2O will also 
take place in this mixture. Sugar is the only substance 
which can be present in the urine which reduces the copper 
salt without heat. 

882. Fermentation test — Eermentation is frequently em* 
ployed as a test for the presence of sugar. ''When used 
merely as a qualitative test to indicate whether sugar is or is 
not present in urine, the following is the simplest way of 

* An exoeflB of KHO ii prodactive of no harm. 

t The elation of the copper salt ought to he so dilate as only to have a 
faintly hlne tinge. Instead of capric sulphate, Drs. Taylor and Brande 
reoommend capric tartrate, which is certainly to he preferred to the 
sulphate; they recommend recently precipitated capric tartrate to he 
dissolved in a solution of NaHO or NajCO,. Capric tartrate is more easily 
decomposed than the solphate, leas hoiling is therefore required, which is 
a great advantage. 
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applying it. Fill a test-tnbe with the suspected urine, having 
preyiouslj mixed with it a few drops of fresh yeast, or still 
better, a little of the dried Qerman yeast ; close the open end 
with a small saucer or evaporating dish, and while gently 
pressing the latter upon the tube invert them. A little more 
of the urine is then poured into the saucer in order to prevent 
the escape of any of the liquid from the tube, and if any 
bubbles of air have accidentally been allowed to enter, the 
exact height of the upper surface of the liquid in the tabe 
must be marked with ink or with a strip of gummed paper. 
The tube with its contents is then set aside in a warm place 
having a temperature of about 21° or 27°C., for 24 hours. If 
sugar is present it begins almost immediately to undergo the 
vinous fermentation, the COj as it is formed rises in minute 
bubbles, causing gradual and gentle effervescence, and collects 
in the upper tube, displacing an equal volume of liquid which 
escapes through the open end of the tube into the saucer. 
When the quantity of sugar present is at all considerable, the 
urine, after fermentation, will be found to possess a fiunt 
vinous smell. As bubbles of gas are sometimes given off by 
the yeast itself, it is a good precaution to put the same quan- 
tity of yeast into a second tube of equal size, and fill it up 
with pure water. The amount of gas, if any, derived firom 
the yeast will thus be rendered apparent, and may afterwards 
be detected from the volume of gas in the tube containing the 
urine." — Bowman, 

Inosite or Phaseomannite CgHjjO^, 2TLfi, 

883. " This sugar occurs in almost all parts of the animal 
system and is identical with phaseomannite, which occurs in 
unripe beans, and in many other plants. It forms prismatic 
crystals of the form of gypsum ; it is soluble in water, but 
insoluble in alcohol and ether ; it has a sweet taste ; it is not 
susceptible of the vinous fermentation, but with chalk and 
cheese it yields lactic and butyric acids. It does not reduce 
cupric salts. If it be evaporated with HNO3 nearly to dry- 
nesS; and then mixed vrith a little KH^HO and CaClj, and 
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again eyaporated, a beantiful rose tint is produced, which is 
quite characteristic of it." 



ALKALOIDS. 

TJbEA, CBBATINIlfB, CbEATIK. 

884. The only bodies we shall notice belonging to this class 
are the three given in the list ; creatin is neutral to test 
paper, bnt it has been combined with acids, and has the char 
racters of a weak base. It will be seen that it is closely con- 
nected with creatinine. The three substances possess no 
marked properties which are common to the three. 

Urea (CH^NjO). 

885. " This important compound is an essential constituent 
of the urine of animals ; it is abundant in that of the mam* 
maUa and particularly so in the urine of the camivora ; but it 
has also been met with in the urine of birds and of amphibia. 
Urea is the principal outlet for the nitrogen of the system, 
after the materials which compose the animal tissues have 
experienced oxidation under the influence of the respired air, 
a healthy human adult excreting about an ounce of urea daily. 
Urea is not formed in the kidneys ; these glands appearing 
to act somewhat in the manner of filters, by means of which 
the urea is separated from the mass of the blood, in which 
it exists already formed before reaching the kidneys." — Miller. 

886. Urea can be formed artificialh/ in a variety of ways ; 
one of the simplest methods for its formation is by evaporating 
ammonic cyanate (NH4CNO), which is metameric with urea, 
at a gentle heat; by a mere alteration of the elements of 
ammonic cyanate urea is formed as shown in the following 
equation: JSfH^CNO = CH^NgO. 

887. Urea is formed whenever cyanic acid or cyanates come 
in contact with ammonia or ammonic salts. It is also formed 
by the spontaneous decomposition of an aqueous solution of 
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cyanogen. Ammonic cyanate is first fonned, and this body 
becomes converted into urea as the liquid evaporates. It 
is also fonned when ammonia is acted upon by phogene gas 
(COCI2). 

888. Bechamp has recently succeeded in preparing urea 
from albumen, by subjecting it to the oxidizing action of po- 
tassic permanganate. 

889. " A solution of urea, if pure, may be kept at ordinary 
temperatures without alteration, and it may even be boiled 
without undergoing decomposition ; but if heated in a sealed 
tube to about 100°, it combines with four equival^itB of water 
and is converted into ammonic carbonate — CH4N2O+2H2O = 
(NH4)2C03. The same change takes place slowly at ordinary 
temperatures in the presence of the mucus of the bladder, the 
ammoniacal odour acquired by urine after keeping it for a few 
days being due to this alteration. A similar decomposition into 
carbonic acid and ammonia occurs when urea is fused with KHO 
or treated with concentrated H2SO4. 

890. CI, when transmitted into an aqueous solution of urea» 
resolves it into GO3 and N and HCl : thus, 2CHN3O + 21i^O 
+ 8CI5J = 2CO2 + 2N2 + 6Ha. 

891. Nitrous acid decomposes urea immediately into CO,, 
N, and HjO :— CH^NjO + 2HNO2 = COj + 2N2 + 3H,0. 

892. Urea crystallizes in flattened four-sided prisms ; they 
generally resemble KNO3 in appearance, and have a similar 
cooling, saline taste ; they are inodorous. They are soluble in 
their own weight of cold water and in every proportion in hot 
water ; they dissolve in 4*5 of cold and in two parts of boiling 
alcohol ; but they are insoluble in ether, and in an excess of 
strong nitric acid. Its solution is neutral to test-paper. 

893. Urea is basic in its characters, although neutral to 
test-paper ; it combines with acids to form salts, some of which 
are crystalline. " Of these, the two which are of the most 
practical importance, are the oxalate (2CH4N2O, H2C2O4), and 
the nitrate (CH^NjO, HNO3), which, on account of their 
sparing solubility in water, supply a ready means of separating 
urea from the other matters co-existing in the urine. 
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894. " OxdlaU of urea may* be prepared hj concentrating 
mine on a water-bath to about one eighth of its bulk, and fil- 
tering through muslin, in order to separate the insoluble sedi- 
ment of phosphates and urates, which are gradually deposited 
during the evaporation. The liquid thus clarified, is mixed 
with about an equal bulk of a strong solution of oxalic acid in 
hot water, or the solid acid in powder may be added as long 
aa the liquid, heated to about 88° or 94° C, continues to 
dissolve it. The mixture, on cooling, deposits an abundant 
crop of crystals of oxalate of urea, mixed with a little of the 
excess of oxalic acid, and coloured brown by the adhering 
impurities. The crystals are then gently pressed between' 
folds of filtering paper, washed with a small quantity of ice- 
cold water, and purified by recrystallization ; the last traces of 
colouring matter being removed, if necessary, by boiling the 
solution with animal charcoal. The oxalate thus obtahied is 
colourless, and in the form of tabular or prismatic crystals, 
which are readily soluble in hot water, but only sparingly so 
in cold, 25 parts of which dissolve not more than 1 part of the 
salt. 

895. ^* Nitrate of urea may be obtained by adding strong 
colourless HNOs, ^'^^^ ^'^'^ HNOj (891), to urine previously 
concentrated by evaporation to about one third its bulk ; the 
nitrate gradually separates in irregular rhomboidal plates, 
more or less coloured and modified in form by the impurities 
present. The crystals are washed with a little ice-cold water, 
then pressed between folds of filtering paper, and redissolved 
in lukewarm water ; lastly, they are purified by recrystalliza- 
tion, aud, if necessary, the last traces of colouring matter may 
be removed by boiling the solution with animal charcoal. It 
is soluble in about 8 times its weight of cold water, and 
in a much smaller quantity of hot. It is tolerably soluble 
also in alcohol, especially when warm, but almost insoluble in 
ether. 

896. " The formation of this crystalUne compound on the 
addition of HJNfOg, is one of the most distinctive tests for the 
presence of urea which we possess. The experiment is made 
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easily, and with great delicacy, under the microscope, by con- 
centrating a drop or two of urine on a glass slide, and adding 
to it about an equal quantity of pure HNO3 ; the nitrate will 
gradually crystallize in delicate rhomboidal plates, the number 
and abundance of which will furnish some indication of the 
quantity of urea present in the secretion."* 

Cbeatikikb (C4H;N80). 

897. This substance is a powerful organic base ; its aqueous 
solution restores the blue colour to reddened litmus paper, and 
when heated with solutions of ammonic salts it expels the 
ammonia like the fixed inorganic alkalies. It forms colourless 
prismatic crystals, and its salts are also crystalline. It dissolves 
in about 12 parts of cold water ; it is much more soluble in hot 
water ; it is very soluble in boiling alcohol, but much less so in 
cold alcohol, it therefore crystallizes out as the boiling solu- 
tion cools. 

898. It has a strong tendency to form basic double salts ; 
example : if a solution of AgNOg, moderately concentrated, be 
mixed with one of creatinine, it becomes converted into a 
magma of white needles, which are very soluble in boiling 
water, and it forms a similar compound with a solution of 
HgC]2. On the addition of a concentrated solution of ZnCL 
to a solution of this base, a double compound (C4H7N30)2 
ZnClg is precipitated in a crystalline form ; when very slowly 
formed the crystals are distinctly prismatic, but when quickly 
produced, and as seen under the microscope, fine needles are 
observed concentrically grouped together, forming either 
perfect rosettes, or tufts which cross each other, or of which 
each two are connected by thin short stalks, so as to resemble 
brushes passing one into the other. As ZnClg is the test 
usuaUy employed to detect this base, it is important to observe 
that the double compound of zinc and creatinine is not preci- 
pitated on the addition of the zinc chloride to the creatinine 
chloride ; but that the separation at once takes place, if before 

* Bowman's ' Medical Chemistry.' 
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the addition of the ZnCl, Bolution, a sufficiency of sodic 
acetate is mixed with the creatinine salt. 

899. This base has been found in the juice of muscle, in the 
blood as well as in the urine. Creatin is converted into creati- 
nine by the action of strong acids. 

Cbeatiit (C4HgN3022H20). 

900. In its pure state, this substance forms brilliant, colour- 
less, prismatic crystals, which become dull by loss of water at 
100^ C. It has a bitter, pungent taste. It dissolves in 75 
parts of cold water. Boiling water takes up a much larger 
quantity of it, but as it cools, the creatin separates in the 
crystalline form. Alcohol takes up only one part in 9410 
parts ; and in ether it is completely insoluble. In an impure 
state the solution readily putrefies. 

901. It dissolves without change in dilute mineral acids ; 
but when boiled with concentrated acids, it gives off water, and 
is converted into creatinine: — C4HyN3022H30 — SHgO = 
C4H7N3O. 

902. 2inCL2 produces no precipitate with perfectly pure 
creatin ; but if creatinine is present, a triple compound con- 
sisting of chloride of zinc, creatin and creatinine, is precipi- 
tated in the form of radiating crystals. 

903. This substance is found in the juice of muscles ; and it 
is also found in the urine. 



ACIDS. 
Lactio acid, Hipptjbic acu), Qltcocholio acid, Htocholic 

ACID, TaTTBOCHOLIO ACID. 

904. These acids are grouped together simply on account of 
their acid character. 

Lactic acid HjCgH^Og. 

905. There are two modifications of this acid, the one called 
ordinary lactic acid, is formed by the fermentation of milk 
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cane, and grape sugars ; it is also foond in yegetable matters 
which have turned sour. The other modification called sarco- 
lactic or paralactic add exists in muscular flesL 

d06. The ordinary lactic acid in its most concentrated state 
is a colourless, inodorous, thick, syrupy fluid, which cannot be 
solidified by the most intense cold ; its specific gravity = 1'215, 
it dissolves readily in water, alcohol, and ether, attracts water 
from the atmosphere, has a strongly acid taste and reaction, 
decomposes when heated, and displaces not only volatile acids, 
but even many of the stronger mineral adds from their 
salts. 

907. With bases lactic add generally forms neutral salts, all 
of which are soluble in water, and many in alcohol, but none 
in ether. Most of the lactates may be heated to 150^ or 
170° and some even to 210°, without undergoing decom- 
position. 

908. Sarcolactic add is hardly distinguishable from ordinary 
lactic acid ; the difference between the two is mostly distinctly 
marked in the caldc and zinc salts. If sarcolactic acid be 
heated for a long time to 180° or 140°, it is converted into the 
anhydride, which, when boiled with water, is converted into 
ordinary lactic add. 



HippuBic Acid ob Bekzahidacetio Aqu), HC^HgNO^. 

909. This add occurs in combination with K or Na in large 
quantity in the urine of herbivorous animals, and in smaller 
quantity also in human urine. 

910. This acid, when treated with nitrous acid, undergoes 
the decomposition peculiar to amidogen compounds, viz. the 
formation of a non-nitrogenous add, water, and the liberation 
of nitrogen. The acid formed on treating hippuric add with 
nitrous acid, is benzo-glycolic add (CgHgOj. Under the in- 
fluence of boiling water benzo-glycolic splits up into benzoic 
and glycollic (oxyacetic) adds. 

911. When hippuric add is boiled for some hours with con- 
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oentrated HCl, it astimilateB the elements of water and is 
reeolved into benzoic acid and amidacetic acid or gl jcocine i-^ 

HCj^HgNOg + HjO = HC7H5O2 + HCjH^NOj. 



■V 



Hippoiic acid. Benzoic add. Gljcociiie. 

912. Hippuric acid lias been artificallj made hj acting upon 
the zinc salt of gljcocine with chloride of benzoyl : — 

Zn(C2H4N03)2 + 2C;H50C1 = ZnClj + SHC^HgNOa. 

918. This acid crystallizes in rhomboidal prisms, or in thin 
plates. It is sparingly soluble in cold water, one part requiring 
400 parts for its solution ; but it is yery freely soluble in hot 
water. It is readily soluble in alcohol ; but only sparingly 
soluble in ether^ which distinguishes it from benzoic acid 
(579). Exposed to a high temperature it is decomposed into 
hydrocyanic acid, benzoic acid, ammonic benzoate, and other 
products. Heated with a fragment of KHO it disengages 
NHg. If placed in contact with ferments, it undergoes a kind 
of fermentation, the products of which are benzoic acid and 
ammonia. 

914. Owing to this speedy conyersion of it into benzoic 
acid and ammonia by ferments, it is not surprising that 
if the urine becomes in the slightest degree putrid, it is 
speedily decomposed into benzoic acid and ammonia. On the- 
other hand, when benzoic acid is taken into the system, it is 
conyerted into hippuric acid, and is found in the urine in that 
state. 

Glxco-cholauo Actn ob Qltoocholic Aom {Coolie acid 

of Strecker) HC28H42NOe. 

915. This add, in combination with the fixed alkalies, exists 
in the bile of man and other animals, but it is present in the 
greatest quantity in ox-bile. The acid is a white crystalline 
solid ; it has a strong acid reaction, and a bitterish-sweet taste. 
It is more soluble in hot water than cold; alcohol dissolyes 
it freely, but leayes it as a resinous mass on eyaporation ; it is 
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very sparingly soluble in ether. The salts which it forms with 
the alkalies and alkaline earths may be crystallized ; they are 
soluble in alcohol. 

916. When this acid is boiled with an alkaline solution, 
as solution of KHO or BaHjOjt it is decomposed into glyco- 
cine (amidacetic acid), and a non-nitrogenous add, called 
cholalic acid* (the cholic acid of Demar9ay): — 

V , ' ^ , ' V ^ f 

Glyco-cholalic acid. Cholalic acid. Qlyoocine. 

917. When it is boiled with concentrated H2SO4 or HCl, 
it is split up into glycocine and choloidinic acid (C24H38O4 = 
cholalic acid — 1 eq. of water) ; if the ebullition with the acids 
be continued, the choloidinic acid is decomposed into a resinous 
substance, called, from its insolubility in water, difsl^tin 
(^24^2^3)9 and water. 



GLTCO-HrOCHOLTO AciD, HC27H42NO5. 

918. Pig's bile differs from the bile of other animals, inas- 
much as it contains glyco-hyocholic acid instead of glyco- 
cholalic acid ; the former acid is decomposed like the latter by 
alkaline solutions and acids and into substances of analogous 
composition. 

919. When it is boiled with an alkaline solution, it is 
decomposed for instance into glycocine and hyocholic acid : — 



HC27H42NO, + HgO = ILC^^^O^ + CjHjNO 



2- 



■- V- 



Glyco-hyocholic acid. Hyocholic acid. Glycocine. 

920. When it is boiled with acids it is decomposed into 
glycocine and a substance homologous with dyslysin, which is 
termed hyodyslysin (Cg^HggO,,). 

* This add is soluble in H^SO^, and on the addition of a drop of this 
add and a solution of sugar (one part of sugar to four of water) a purple- 
yiolet colour is produced which constitutes Pettenkofer's test for bile. 
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Tavbocholalic Acid or Tatteocholic Acid (jOholeic 
Acid of Strecker) HCagH^^NSO;. 

921. The bile of man and most animals, with the exception 
of the ox and pig, consists mainly of taurocholalate of soda or 
potasli. The alkaline salts of this acid are yery soluble in 
water and alcohol. They give no precipitate with neutral lead 
salts, but with the basic salts they deposit a plaster-like com- 
pound, which is soluble in boiling water. They yield with 
H3SO4 and sugar a violet colour similar to that produced by 
the chelates. 

922. When this acid is boiled with alkaline solutions it is 
decomposed into cholalic acid and taurine : — 



HCgflH^NSOy 4- H3O = HQ^^^O^ + C2H7NSO3. 

Tanrocholalic acid. Cholalic acid. Taurine. 



923. When it is boiled with acids it is decomposed into 
taurine* and choloidinic acid or dyslysin, according to the 
duration of the experiment (917). 



CYSTINE, XANTHINE, AND CHOLESTEIN. 

924. These three substances are met with in calculi, 

925. CrsTiKB or Cystic Oxide (C3H7NSO2).— This sub- 
stance is met with nowhere but in the urine ; it was originally 
discoyered by Wollaston in a urinary calculus ; calculi of this 
sature, although very rare, have since been found by many other 
chemists. "It occurs in colourless, transparent, hexagonal 
plates or prisms \ it is devoid of taste and smell, and is iuso- 
luble in water and alcohol. It dissolves in oxalic and the 
mineral acids, forming with them saline combinations, most of 
which are crystaUizable, but it does not unite with acetic, 

* The student is referred to the aathor's ' Second Step in Chemistry/ 
pafi^e 525, for an account of Kolhe's important experiments on the consti- 
tution of taurine. 

21 
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tartaric, or citric acid ; it is decomposed by nitric acid, learin^, 
on the evaporation of the fluid, a reddish-brown mass ; it dis- 
solves freely in the caustic fixed alkalies and their carbonates. 
It dissolves in NH4HO, but does not unite with it, so that 
on evaporation it crystallizes unchanged. It is insoluble in 
(NHJ2CO3 ; hence it is best precipitated from its acid solu- 
tions by (NH4)2C03, and from its alkaline solutions by 
acetic acid. 

926 '* Cystine does not fuse on the application of heat, but 
it bums with a hluUh^green flame, developing at the same time 
a very pecub'ar acid odour ; on dry distillation it develops a 
stinking empyreuma and ammonia, and leaves a voluminous 
porous coal. On boiling it with alkalies, ammonia is first 
developed, and subsequently an easily inflammable gas, which 
bums with a blue flame. 

927. " Cystine is characterised by the readiness with which 
it crystallizes in well-formed hexagonal plates, which may be 
distinguished with great ease under the microscope, and by its 
solubility both in alkalies and mineral acids. Further, it may 
be known by the peculiar odour which it develops on diy dis- 
tillation and on burning, which is unlike that evolved by any 
other similar substance. liebig has given the following test 
for cystine. The potash-extract of the substance in which we 
are searching for cystine must be decomposed with a solution 
of FbO in KHO ; if, on the application of heat, there be a pre- 
cipitation of FbS, cystine is probably present ; we must, how- 
ever, previously satisfy ourselves that no other organic substance 
containing sulphur, as for instance, albumen, mucus, &c., be 
simultaneously present. 

928. ''If cystine be mixed with a small quantity of the 
urates, the two substances may be separated by the aid of 
boiling water, in which the former is insoluble. Uric acid 
occasionally appears under the microscope in the form of hex- 
agonal tablets, but we should never trust in these cases to 
microscope examination alone." — Lehmann, 

929. Xanthine or Xanthio oxidb (CjH^N^Oj). — This 
substance has also been named uric oxide and urou9 art J owing 
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to its being regarded as uric acid in a lower stage of oxidation. 
It ia the principal constituent of a very rare variety of urinary 
calculus. It is one of the products in the decomposition of 
guanine, a substance found in guano and in the excrement of 
the garden spider. It is likewise present in nearly every part 
of the animal organism, and, although in very minute quantities, 
in urine. It is a white amorphous powder, and it acquires a 
waxy lustre on friction with a hard body. It is very slightly 
soluble in water ; it is insoluble in alcohol and ether. It dis- 
solvea easily in ammonia. It also dissolves freely in the fixed 
alkalies ; carbonic acid separates it from its alkaline solution. 
It is all but insoluble in HCl and H2C2O4; it is soluble in 
H^04 and HNO3. ^^ dissolves in HNOg without disengage- 
ment of gas, and gives on evaporation a yellow residue, which, 
on addition of ^H4H0 or KHO, turns yellowish red. Erom 
the drcumstances under which it occurs it can only be con- 
founded with cystine or uric acid ; it differs from these by its 
amorphous condition. It is distinguished from cystine by its 
insolubility in HCl and H2C2O4. It is distinguished from uric 
acid by its solubility in ^NH^HO, and by the residue obtained 
on evaporating its HNO3 solution not turning red on the addi- 
tion of NH4HO (617). 

930. Cholestbik C25H4^0. — "This substance is found in 
small quantity in various parts of the animal system, as in the 
bile, in the brain and nerves, and in the blood. It forms the 
chief ingredient of hiUary calculi^ from which it is easily ex- 
tracted by boiling the powdered gall-stones in strong alcohol, 
and filtering the solution while hot ; on cooling the cholestrin 
crystallizes in brilliant colourless plates. It has the physical 
characters of a fat, is insoluble in water, tasteless and ino- 
dorous ; it is freely soluble in boiling spirit and also in ether. 
It is not saponified by potash ; thus differing from other fatty 
and oily substances which it resembles in many respects. It 
melts at 137^ and sublimes at 200'' C." 
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COLOTJEINa MATTEES. 

931. "We group together the colouring matter of the nriDe, 
the bile, and the blood. 

932. Colouring matter of the urine. — " The colouring matter 
of the urine is constantly undergoing change ; by means of 
neutral and basic lead acetate it maj be separated into two 
substances which contain different amounts of carbon. The 
substance which contains most carbon may be obtained as a 
dark-blue powder ; when dry it has a copper colour like indigo 
and dissolves in alcohol, giving a purple-blue solution. It is 
said to occur most evidently in Bright's disease. Tirchow 
states that he met ^ith this blue pigment in crystals in un- 
healthy urine." Thudicum believes there is only one normal 
urinary pigment which he has named urochrome, an amorphous 
substance of a pure yellow colour; Scbunk believes there 
are two. 

933. Colouring matter of the bile. — The principal colouring 
matter of the bile has been called cholepyrrhin or biiiruhine 
(CigHjgNgOjj). "When dry it is reddish brown and uncrystal- 
lizable, insoluble in water, slightly soluble in alcohol and ether, 
easily soluble in chloroform and in solutions of the alkalies. 
The colour of these solutions is yellow or orange ; if to the 
alkaline solution is added an equal volume of alcohol and then 
fuming nitric acid charged with nitrous yapours, it passes 
through ffreen, [blue, violet, and red; after some time it again 
turns yellow ; this reaction is very delicate. 

934. Another colouring matter has been called biliverdin. 
It is dark green, amorphous, without taste or smell, inso- 
luble in water, slightly soluble in alcohol, but soluble in 
ether. 

935. Colouring matter of the blood, — The red colouring 
matter of the blood-corpuscles is called hsematin or hematosin ; 
it leaves when burnt a residue of ferric oxide and calcic phos- 
phate. It is unaffected by dilute NH^HO, but is entirely 
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destroyed by ebullition, with the formation of a dirty-coloured 
coagulum, which dissolves in KHO with an indistinct greenish 
colour. 

936. Tests for blood. — " Blood-stains on articles of clothing 
may be identified — 1. By their peculiar crimson-red colour. 
2. By the shining and raised surface of the stain or spot (dried 
albumen and fibrin). 3. By their ready solubility in water 
to which they give a red colour. The water under these cir- 
cumstances contains albumen as well as hsematosin. Weak 
ammonia does not change the red colour to a hltte, green, or 
crimson tint. When boiled, the albumen and hffimatosin are 
both coagulated, and the red colour is entirely destroyed ; a 
muddy brown coagulum subsides which is quite insoluble in 
water and alcohol.*' 4. Bloxam has proposed the following test, 
which is very delicate. A mixture of tincture of guaiacum 
and oxonized ether (that is a solution of hydric peroxide 
(H2O2) in ether) ; this mixture instantly produces with blood 
or blood stains a beautiful blue tint. For the examination of 
such stains in a dry state, an inch power of the microscope 
will be found convenient. 

937. " By employing a small quantity of water on a glass 
slide in order to dissolve the stain, the clot may be broken up 
and the red corpuscles separated. These may be examined by 
a quarter-inch power under the microscope. When detected, 
the evidence of the presence of blood is placed beyond doubt. 
Xo other red colouring matter, vegetable or animal, owes its 
colour to corpuscles or cells. A small quantity of glycerine 
added to the water which is used as a solvent prevents it from 
drying too rapidly." — Brande and Taylor, 

938. Test for bile, — Bile is essentially composed of soda 
salts of the two acids, glycocholic and taurocholic, cholestrin, 
mucus, and colouring matter. It is a ropy, viscid, and sapo- 
naceous liquid of a greenish-yellow colour in man, greenish 
brown in the ox, and emerald or grass-green in birds, reptiles 
and fish. It has a bitter taste and an ofiensive odour. Its 
reaction is generally alkaline, it is sometimes neutral but never 
acid, excepting in peculiar states of disease. It mixes in all 
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proportions with water, it is not coagulated by heat. Alcohol 
renders it turbid by precipitating the mucus. 

939. We have noticed (par. 921 and note page 320) 
that the two acids in the bile when treated with sul- 
phuric acid and sugar acquire a purple colour. Upon 
this reaction a test, called Pettenkofer'a test, for bile has 
been founded. The best mode of applying the test for the 
detection of small quantities of bile in blood or other animal 
fluids is as follows : — The alcoholic extract of the liquid to be 
tested for biliary matter is dissolved in a little water and 
mixed with a single drop of a solution of sugar (one part of 
sugar to four parts of water), and pure strong n2S04 is ih^ 
added in small quantities till the turbidity at first produced 
disappears, cooling after each addition ; it then for a few- 
moments exhibits a yellowish colour, which, however, soon 
changes to a pale cherry-red, then to deep carmine, then to 
purple, and finally to an intense violet tint. For the success 
of the experiment, care must be taken not to add too much 
sugar, otherwise a black mass will be formed which will com- 
pletely mask the reaction. The temperature of the mixture 
must be allowed to rise to about 50° C, but not higher. The 
reaction takes place with any kind of sugar and likewise with 
acetic acid. 

A METHOD FOB AITALTSIKG QUALITATITELY ANIMAL SECBE- 

TIONS.* 

940. The physical characters, such as colour, taste, odour, 
consistence, &c., should first be carefully observed. The 
specific gravity may also be ascertained, when it can con- 
veniently be done, as a knowledge of the density of the fluid 
will serve to furnish some indication of the amount of solid 
matter held in solution. 

941. The liquid should be examined by test-papers whether 
it is neutral, alkaline, or acid. 

* The method for analysing the animal secretions, and for the analysis 
of nrine, has heen taken mainly from Qerhardt and Chancel's ' QoalitatiTe 
Analysis.' 
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942. When the liquid holds in suspension any solid or semi- 
solid matter the dissolved should he separated from the undis- 
solved portion either hy decantation or hy filtering it through 
paper or fine muslin. The microscopic examination of the 
residue generally furnishes some useful indications. The spon- 
taneous coagulation in a secretion, at first limpid, is due almost 
always to fihrine. 

94IB. The clear liquid is then submitted to the following 
examinations : — 

944. Mrst examination. — We heat a portion of the liquid in 
a teat-tube ; when the liquid is neutral or alkaline, one or two 
drops of acetic acid is first added to produce &Jaint acid reaction. 
If the liquid remains clear on warming it, we can be certain 
of the absence of albumen ; in that case we pass on to the 
second examination (948). 

945. If, on the contrary, the liquid becomes troubled or 
coagulated, it becomes necessary, after having agitated it, to 
divide it into two portions. To one portion add a few drops 
of dilute HCl ; if the precipitate disappears it has not been 
due to albumen but was probably due to calcic or magnesic 
phosphate, or both. The other portion of the liquid must be 
examined by the microscope. 

946. When the dilute HCl does not redissolve the precipi- 
tate, we then add a larger quantity of it and finally boil the mix- 
ture; if the precipitate becomes slowly dissolved and the 
liquid assumes a violet colour (780), this reaction indicates 
the presence of albumen. We control this result by examining 
the action of nitric acid upon the primitive secretion (779 and 
804). 

947. If the coagulum formed by boiling the liquid, or the liquid 
itself has a reddish tinge hematine and also globulin may be 
present. In this case, we dry the coagulum ; it then assumes 
a brown or black tint. It is afterwards boiled with alcohol to 
which a little H2SO4 has been added ; if it contains hsBmatine, 
the liquid is coloured red, and the alcoholic extract after 
having been evaporated to dryness furnishes a residue which 
gives ajler calcination, the reactions of iron (935). 
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948. Second examination, — A liquid which does not contain 
albumen, or from which it has been separated bj coagulation 
and filtration, maj yet contain the following albnminoidal 
substances, casein, globulin, glutin, chondrin^ pus, and mucusy 
and possibly paralbumin and metalbumin. 

949. A sample of the liquid is mixed with potassic ferro- 
cyanide. If it remains clear, casein and globulin are absent 
(784), pass on to the third examination (par. 951). 

950. If a precipitate is formed, test for casein with solution 
of CaCl2, and boil the mixture, which becomes turbid if casein 
is present (842). When this effect is manifested digest the 
liquid with rennet at a temperature of 40° C. in order to render 
the coagulation of the caseine complete. If globulin is present 
the liquid will be rendered turbid by the addition of a few 
drops of acetic acid, and give afterwards a fiakj precipitate 
when neutralized with NH^HO (836). 

951. Third examination. — To a portion of the liquid add 
acetic acid. If it remains clear pus, mucus, and ehandrin, 
are absent ; pass on to the fourth examination (par. 953). 

952. A precipitate is formed ; test the solution with HgCI^, 
if no precipitate is formed pus is absent. If the HgCl^ pro- 
duces merely a turbidity, mucus or chondrin is, perhaps, pre- 
sent. Concentrate a portion of the liquid ; the formation of 
a jelly indicates chondrin (860), the presence of which may be 
confirmed by its behayiour with alum and metallic salts (864). 

953. Fourth examination, — The liquid in which acetic acid 
produced no precipitate may yet contain. glutin. Concentrate 
a portion strongly and leave it to cool ; the formation of a 
jelly will indicate glutin, which may be further tested with 
HgCl2(859). 

954. Fifth examination. — The original liquid, or if it con- 
tained albumen, the liquid freed from that compound by boiling 
is concentrated by a gentle heat to a half or one third of its 
volume, and is then left to cool ; if no precipitate forms, the 
urates are probably absent. Pass on to the sixth examination. 

955. If a precipitate is formed add acetic acid. If the 
deposit previously amorphous is seen^ (after the addition of 
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the acid), under tbe microscope, to assume the form of rhombic 
tablets uric acid is indicated ; confirm its presence by dissolv- 
ing the deposit in HNO3 and examining it for uric acid as 
directed in par. 617. 

956. If the deposit is erystalUne and does not change its 
form by acetic acid, it points to the presence of calcic sulphate 
or magnesie phosphate ; the presence of these salts must be 
confirmed by their reactions. The precipitate, if crystalline, 
may also contain heneoie acid, calcic hippurate, tyrosine, and 
aUantoin, 

957. Siseth examination, — The concentrated liquid in which 
no precipitate is formed by boiling and subsequent cooling, or 
the liquid filtered from such a precipitate, is evaporated to a 
syrup on the water-bath and left to itself for a considerable 
time. If crystals gradually form, it is left to stand as long as 
they continue to increase. They may consist of creatine, 
creatinine, glycocine, leucine, allantoin, taurine, sarcosine, inosite, 
alkaline hippurate, sodic chloride, and other inorganic salts, 

958. It must in the first place be determined whether these 
crystals are organic or inorganic In the former case they 
must be tested especially for nitrogen, sulphur, and phosphorus 
(749, 750, 754), their chemical nature determined as nearly as 
possible, and tbe further examination regulated accordingly. 
If inorganic they must be examined according to the usual 
methods. If they blacken when strongly heated, but also 
leave a fixed residue, they probably consist of an organic acid, 
combined with an inorganic base ; in that case the fixed residue 
will effervesce strongly with acids. 

959. The syrupy residue itself, or the liquid, separated 
from the crystals which have formed in it, is evaporated 
nearly to dryness on the water-bath, and the residue is 
digested with alcohol of a sp. gr. of 083. The alcoholic 
solution and the substance insoluble in alcohol are separately 
examined. 

960. The alcoholic solution is submitted to the following ex- 
aminations : 

' 1. To a small portion of the alcohol solution concentrated 
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and then dilated witb water, is added drop hj drop, fuming 
nitric acid (containing nitrous Tapours) ; if there is formed 
after the addition, at the bottom of the liquid a zone at first 
green, next blue, violet, red, and lastly of a dirty yellow, it proves 
the presence of the colouring matter of the bile (933). 

2. Another portion also concentrated and then diluted with 
water is mixed with sugar and H2SO4 ; a beautiful purple red 
colour proves the presence of the acids in the bile (939). 

3. In a third portion, we look for glucose. This substance 
generallj communicates to the liquid a sweet taste. This por- 
tion of the alcoholic solution is evaporated to dryness on the 
water bath, the residue is redissolved in water and examined 
for glucose by the copper test (880 and 881). The result 
ought to be controlled by the fermentation test (882). 

4. The greater part of the alcoholic solution is evaporated 
to a very small volume, it is then mixed with pure nitric add, 
which must be free especially from nitrous acid, and we place 
the vessel in a cooling mixture. If a crystalline deposit is 
formed, it is examined by the microscope to ascertain whether 
it has the appearance of nitrate of urea* (895 to 897) or of 
hippuric add or benzoic add. The indications obtained hj 
the microscope are confirmed by the chemical reactions. 

5. A portion of the concentrated alcoholic solution is mixed 
with a syrupy solution of ZnCl^; if a predpitate is not formed 
even after a length of time, the liquid does not contain creati- 
nine (898). If a precipitate is produced, we submit it to some 
special examinations, to ascertain the presence of creatine as 
well as creatinine (902). 

6. Lastly, if the alcoholic solution possessed a strong add 
reaction, it has still to be examined for lactic acid. To effect 
this the extract is concentrated and heated along with oxide 
or carbonate of zinc ; a drop of the boiling filtered liquid is 
placed betwen two plates of glass, and we examine it by the 
microscope to see if the characteristic crystals of lactate of 
zinc are formed (908). 

* Care mnst be taken not to oonfoond the alkaline nitrates for nitrate 
of nrea. 
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961. Insoluble residue. — In addition to mucus ajii undefined 
extractive nuUters, this residue can contain uric acid, a little 
casein, &c. 

962. Seventh Uxamination. — After having finished the pre- 
viouB examinations, a portion of the original solution is eva- 
porated to dryness on the water bath and the residue treated 
with ether. This dissolves the fatty matters, the presence of 
which we ascertain by evaporating the ethereal solution. 

963. The portion insoluble in ether must be incinerated in 
a platinum crucible, and the inorganic salts determined by the 
ordinary methods. 

QUALITATIYE AKALYSIS OF UBINE. 

964. The preceding method can, with some slight modifi- 
cations be applied to the analysis of most of the animal 
secretions. 

965. Of the secretions, the urine presents a particular 
interest for the medical practitioner, owing to the changes 
which it undergoes in its composition by the effects of certain 
diseases, and which can be made use of as a means of dia- 
gnosis. 

966. The bodies which normal urine holds in solution in 
water are .- 

Organic Substances, Mineral Substances, 

Urea. Potassic 



Uric acid. 

Hippuric acid. 

Creatine. 

Creatinine. 

Colouring and extractive 

matters. 
Mucus of the bladder (in 



Sodic 

Calcic \ Salts. 

Magnesic 

Iron 

Silicates. 

Phosphates. 

Sulphates. 



suspension). | Chlorides. 

067. We find in addition, in normal urine, very small quan- 
tities of ammonia and of carbonic acid gas. 
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968. Becentlj emitted, it always possesses an acid reac- 
tion,* due very probably to the presence of bipparic or uric 
acid. It behaves with reagents in the following manner : 

1. It is not coagulated by hoiling, 

2. The caustic alkalie$, on being added to it, produce a tur- 
bidness, or a precipitate of the phosphates of the alkaline 
earths. 

3. BaClj gives a precipitate of baric sulphate and phos- 
phate. 

4. AgNOj gives a precipitate of argentic chloride and phos- 
phate. 

5. Lead acetate gives a precipitate of plumbic phosphate, 
sulphate and chloride. 

6. (NH4)2C204 gives a precipitate of calcic oxalate. 

7. Alcohol determines a turbidness which disappears by the 
addition of a sufficient quantity of water. 

969. The following substances are only contained in the 
urine in certain diseases : 

1. Ammonic carbonate. Lactic acid. Albumen (in many 
diseases). Fibrine (found only in the sediments). Fatty 
substance (very rarely). Colouring matter of the bile (in 
liver complaints). Acids of the bile rarely. Glucose (dia- 
betes). Sulphuretted hydrogen (very rarely). Calcic oxalate 
and cystine. 

970. Before proceeding to the examination of the substances 
contained in the urine, it is necessary to observe the colour, 
the transparency, the odour, the action upon test-paper. 
When the urine possesses an alkaline reaction, it is necessary 
to note if it is fresh, or if it is already commencing to undergo 
putrefaction. 

971. It is equally useM to determine its density; the 
density of healthy human urine varies from 1,005 to 1,030. 

972. After having obtained this preliminary information, 
we allow a quantity of the urine to stand for some time in 

* The experiments of Dr. Bence Jones show that when passed ihortlj 
after eating, the urine is often neutral, or even alkaline, becoming again 
gradoally more and more acid up to the time when the next meal is taken. 
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order to allow time for the formation of a sediment. We then 
filter and examine separately the filtrate and the sediment. 

973. The filtrate, — A quantity of the urine is boiled in 
order to coagulate the albnmen* when it is present, after 
that we examine the filtered liquid as described in par. 954. 
We at first look for the normal constituents of the urine, such 
as uric acid, the urates, hippuric acid, and urea ; lastly those 
which are accidental, as ammonic carbonate, lactic acid, the 
colouring matter of the bile and glucose. 

974. Ammonic carbonate can only be present in urine which 
has an alkaline reaction. The urine, which contains this 
ammonic salt, efferyesces on the addition of an acid; when 
the urine is boiled with KHO, NH3 is disengaged, and is 
recognised by its reactions (24). 

975. Urine containing biliary matter is in general strongly 
coloured ; its tint yaries firom saffron yellow, to yellowish 
brown ; if the urine has a sediment, this is also coloured. 
When we agitate a sample of this urine, there is formed on 
the surface a yellow scum.f 

976. Urine containing sugar is usually characterised by its 
high specific grayity, which is frequently from 1,030 to 1,045, 
and occasionally as high as 1,050 and 1,055. If, howeyer, the 
sugar is present only in small quantity, the specific grayity 
may not be higher than usual ; so that a moderately low spe- 
cific grayity is of itself no proof of the absence of sugar. It 
is generally paler in colour than normal urine \ and it is gene- 
rally slightly turbid. 

977. Urine containing fatty or chylous matter, is usually 

- * The precipitate prodnced by boiling is not a sure proof of albumen ; 
pinoe a white precipitate is also produced by boiling, when the nrine (free 
from albumen) contains an excess of earthy phosphates ; see pars. 945 and 
946 for distinguishing the two precipitates. 

t The taste of urine containing biliary matter is remarkably bitter, a 
peculiarity which fhmishes a ready indication of its presence when other 
tests are not to hand ; though it must not be implicitly relied on, since 
smaU traces may exist in the secretion without communicating to it any 
very decided taste (Bowman). 
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more or less turbid, and frequently has an almost milkj 
appearance. 

978. Urine containing sulphuretted hydrogen, has the odour 
of rotten eggs ; test for it as directed in par. 468. 

979. SedimenU. — ^The sediments ought to be examined 
microscopically as well as chemically. 

980. The bodies contained in urinary sediments are- 
Uric add ; the urates of lime, magnesia, potash, soda^ and 

ammonia. Calcic oxalate. Calcic phosphate and magnesie 
ammonic phosphate. Cystine. Different organic materials, sudi 
as mucus, blood, pus, spermatozoa, Ac. 

981. Pree uric acid is only found in the sediments furnished 
by dark-coloured urine, and it possesses a distinct add reaction. 
These sediments are also coloured ; they can have a pale tiut, 
but it is generally yellow, orange yellow, or brown ; th^ hafe 
a granular appearance, and frequently even visibly crystalline 
to the naked eye. The uric add can be very well detected 
with the microscope, or by its reaction with HNO, and 
NH4HO (617). It is distinguished from the urates by its 
insolubility in water, and by the fixed residue which these leaTe 
on incineration ; it is distinguished from urate of ammonia by 
the latter disengaging ammonia in contact with E^O. 

982. The urates also form a part of the sediments depodted 
from add urine. The colour of these sediments, as well as 
the urine, yaries much. The urates contained in the sedimentB 
present frequently, to the naked eye, the appearance of mucus, 
of pus, and of blood, and can be distinguished only from these 
matters by microscopic observation and chemical analysis. 
Sodic urate is the one most frequently met with. 

983. Calcic oxalate can make part of the sediment fur- 
nished by urine, the reaction of which is add, neutral or alka- 
line, and it is not rare to find it assodated with the urates. 
The urine containing calcic oxalate possesses a coloration, 
sometimes clearer, sometimes darker, than that of normal 
urine ; its colour is frequently that of amber yellow. Calcic 
oxalate, obtained bj double decomposition, is an amorphouB 
powder, whilst that found in the urinary sediments is distin- 
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gaished hj its crystaUine form. The identity of calcic oxalate 
is easily determined by the aid of its chemical reactions ; when 
it ia heated upon platinum foil, it ia transformed into calcic 
carbonate without carbonization. 

98 i. The phosphates of the alkaline earths are easily iden- 
tified by the chemical reactions. {See par. 198.) 

AlTALTSIB OF CALCrLI AND COKORXTIOIfS. 

985. The number of substances which compose the calculi 
and concretions of animals ia not considerable ; the most fre- 
quent are : 



Uric add and the urates. [ Calcic oxalate. 
Xanthine. Calcic carbonate. 

Cystine. 

Ammonic hippurate. 
Calcic phosphate. 
Magnesic ammonic phos- 
phate. 



Magnesic carbonate. 
Cholesterin (with other 

fatty matters). 
Colouringmatter of the bile. 
Eibrine. 



986. The preceding substances are accompanied by the fol- 
lowing bodies : 



The acids of the bile. 

Albumen. 

Mucus. 



Extractive matters. 
Soluble salts. 



987. The manner in which calculi comport themselves when 
calcined upon platinum foil by the aid of heat, permits of 
their division into many groups : 

Calculi which do not leave a fixed bssidus. 

988. Calculi entirely combustible, — ^They can be formed of 
uric acid, of ammonic urate, ammonic hippurate, of xanthine, 
of cystine, of cholesterin, of the colouring matter of the bile, 
of fibrine, or of albumen. 
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Calcttli which leatb a fixed RSSrOITE. 

A. CaldUi partially camhustible. — They can contain sodic 
urate, calcic urate, and all the organic matters quoted in com- 
bination with mineral substances. 

B. Calculi entirely fixed, — ^They cannot contain any organic 
matter. 

989. Calcttli which no not leave a fixed HEsmiTE. — 
We treat a portion of this material with concentrated HNO,}, 
we evaporate to dryness, and we moisten the residue with a 
drop of ammonia. 

990. It is coloured purple-red (617) : 



} 



Usxc Aon). 
Amcoino 

U&ATS. 



We pour upon the calcnliu a solution of EHO, no 
disengagement of ammonia. 

In contact with the EHO solution ammonia is dis- 
engaged. 

991. It is not coloured purple-red : 

The HNO3 solution hecomen yellow during the eva- 1 
poration ; the residue is insoluble in E^j^^a* J 

The HNO3 solution is coloured dark brown by the ^ 
evaporation; the residue dissolves in NH4HO, and 
deposits from this solution under the form of micro- 
scopic hexagonal tables. 

992. The calculus is heated upon platinum foil; it takes 
fire and bums with a very clear white flame ; it can consist of 
cholesterin or of flbrine. 



XAlTTHim. 



CrBTDTB. 



The calculus possesses evidently a crystalline tex- 
ture, it dissolves in boiling alcohol, and is deposited 
as the solution cools under the form of shining 
spangles ; it is insoluble in KHO. 

The calculus during the combustion develops the 
odour of burnt horn and becomes swollen ; it dissolves 
in KHO, from which acetic acid precipitates it; the 
precipitate dissolves in an excess of acetic acid, gives 
a solution which yields a precipitate with potassic 
ferrocyanide. 



^ CnoiiESTsanf. 



FiBBnrx. 



993. The calculus possesses a brown colour ; it is friable, 
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ocbreous, and disengages the odour of calcined animal matter 
in burning. 

It ia little soluble in alcohol and water, it dissolves '^ Coi-OTTRTiro 

in KfiO which it colours dark brown ; HNOj pro- i xr. «-,-« q« ««- 

daces, in this solution, change of coloration charac- C -Rttv 

teristic of the colouring matter of the bile (983). J "^* 



It is soluble in alcohol; the solution possesses a "j 
bitter taste ; with H3SO4 and sugar it takes a beau- V 
tifol reddish-violet colour (939). J 



Acids of thb 
Bile. 



994. CALCrLI WHICH LEAYE A FIXED BESIDUE. — TwO CaSCS 

caD present themselyes : 

A. The matter does not give, with HNO3 and NH4HO, the 
reaction of iiric acid. (See par. 617.) 

a. The residue &om the calcination melts easily hj heat. 



The caloalus does not effervesce with acids either 
before or after the calcination; it dissolves in HCl, 
NH4HO precipitates it from this solution ; {NH^Cfi^ 
also precipitates it ; heated with the blow-pipe flame, 
moistened with a solution of cobaltic nitrate and 
again heated, it furnishes a blackish-brown enamel. 
(ISee par. 198.) 

Ihmng the calcination the calculus disengages an 
amnionic odour; it dissolves without effervescence in 
acetic acid ; NH4HO forms in this solution a cystal- 
Une precipitate. Heated with the blow-pipe flame 
along with a solution of cobaltic nitrate, it furnishes 
a dark-red glass. (See par. 198.) 



Calcic 
Phosphate.* 



MAayBfliG 

Ammonio 

Phosphate. 



h. The residne from the calcination does not melt on being 
heated. 



The residue is white and does not turn red litmus 
blue ; it g^ves the reactions of calcic phosphate (par 
188). 

The original matter is not attacked by acetic acid ; 
the mineral acids dissolve it without effervescence, 
and NH4HO precipitates it from this solution ; after 
calcination the residue possesses an alkaline reaction, 
and the acids then dissolve it with effervesvence (see 
par. 189). 



■} 



Calcic 
Phosphate. 



Calcic 
Oxalate. 



* Calcic phosphate, although infusible itself, becomes Aisible if mixed 
with magnesic ammonic phosphate ; the calculus produced by the mixture 
of these two phosphates is named, from its easy fusibility, the Jkuible 
ealcuhu. 

22 



MAaHESIC 

Uratb. 
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When heated by the blow-pipe flame the calculus 
becomes luminous; before calcination the acids dis- Caicic 

solve it with effervescence; after the acid solution «- Cabbokatb. 
has been neutralized with NH4HO it gives a white 
precipitate with ammonic oxalate. ^ 

B. The matter gives with HNO3 and NH4HO, the reaction 
peculiar to uric acid (see par. 617). 
a. It melts on being heated : 

It communicates an intense yellow coloration to 1 g^uj^ xJratb 
ihe flame. J 

It does not colour the flame yellow, but violet (see 1 Potassio 

par. 46). J Uratb. 

h. It does not melt on being heated : 

The residue after calcination comports itself as 1 n*TXjio Ubats. 
calcic carbonate. J 

The residue after calcination dissolves with a slight 
effervescence in dilute H2SO4; the solution neu- 
tralized by NH4HO gives with sodic hydric phosphate 
a white precipitate. 

995. When the nature of the calculus has been determined, 
it is always necessary to control the results by special reactions. 

VEGETABLE CHEMISTBT. 

996. We have given the properties and reactions of the 
chief members in the three following groups: Albuminoid 
group ; the saccharine or amylaceous group, and the group of 
the vegetable bases. 

The albuminoii) gboup. 

ALBTJMEIf, FlBEIN, CaSEXIT. 

997. Vegetable albumen. — This substance exists in the juice 
of most vegetables, and in the solid form in certain parts of 
the plant, especially in the seed. It exhibits the reactions, 
and appears to have the same composition as animal albumen 
(794). " The mode of its occurrence differs, however, remark- 
ably from that of animal albumen in this respect, that it b 
always found in plants in neutral or acid liquids, whereas 
animal albumen exists only in alkaline liquids.*' 
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998. Vegetable fibriney gluten, — This substance is also found 
in the juices of all nutritious vegetables. When the newly 
expressed juice is allowed to stand for a few minutes, the 
fibrine it contains separates in a coagulated state, more or less 
impure. The juice of grasses is especially rich in this con- 
stituent, but it is most abundant ia the seeds of wheat and 
other corn plants. It may be obtained from wheat flour by 
a mechanical operation, and in a state of tolerable purity ; it 
is then called gluten. It is a soft, glutinous and elastic sub- 
stance, which can be drawn out into long strings; it has 
scarcely any colour, taste, or smell. 

999. It exhibits the same reactions, and has the same com- 
position as animal fibrine (821). 

1000. Vegetable casein, l^gumine. — This substance is found 
chiefly in the seeds of peas, beans, and similar leguminous 
seeds ; hence it is frequently called legumine. Its composition 
baa not been well determined, but Liebeg considers it to be 
identical with the caseine of milk, which it resembles in its 
reactions (828). 

THE SACCHAEINE OK AMYLACEOUS GROUP. 

1001. The substances forming this group are numerous ; 
they contain, with a few exceptions, oxygen and hydrogen, in the 
proportion to form water. The sugars and gums are the only 
members of the group which are soluble in cold water ; starch 
and other similar bodies are insoluble in cold, but soluble in 
hot water ; whilst cellulose is quite insoluble in water, whether 
hot or cold. 

1002. We may here observe that there are three leading 
varieties of sugar — canb-sugab {sucrose), gbape-suqab {glu- 
cose), MiLK-suGAB (lactose), and some chemists add a fourth, 
Fruit-sugar or fructose; other chemists consider it to be 
merely grape-sugar. 

1003. We have restricted our notice of this group to the 
following members: — CELLULOSE, stabch, gum, dextbinjb, 

CAKE- and GBAPE-SUGABS. 
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CELLrLOSE (Li^nin, woody fibre, CgHi^Oj), 

1004. Cellulose forms the framework of all plants ; its com- 
position and reactions are always the same, but the properties 
which depend upon its state of aggregation, present the 
greatest differences, as its texture varies with the plant irom 
which it is extracted. Cotton, linen, hemp, and unsized white 
paper, consist of cellulose very nearly pure. "The easiest 
method of obtaining pure cellulose, is to wash white cottou, 
unsized paper, old linen, or elder-pith with a hot solution of 
KHO or NaHO, then with cold dilute HCl, then with NH^HO, 
washing thoroughly with water after the application of each of 
these reagents, and lastly, with alcohol and ether ; it is often 
necessary to repeat this series of operations two or three times. 
To obtain pure cellulose from wood it is necessary, after boiling 
the wood with KHO till the liquid is almost dry, to treat it 
with chlorine water, or with a weak solution of chloride of 
lime, repeating these successive operations several times, in 
order to free the cellular tissue from the encrusting matter 
which is so intimately united with it. 

1005. "Cellulose thus purified is white, translucent, ol 
specific gravity about 1'5, insoluble in water, alcohol, ether, 
and oils, both fixed and volatile. When quite pure it is un- 
alterable in the air, but as it exists in wood, in contact with 
azotized and other easily alterable matters, it gradually decom- 
poses in moist air, undergoing a slow combustion, and being 
converted into a yellow or brown friable substance called 
touchwood,^* 

1006. Dilute acids do not act on cellulose. 

1007. Cold concentrated H2SO4 disintegrates it and converts 
it into dextrine, a substance isomeric with cellulose, without 
blackening ; if water be then added, and the liquid be subse- 
quently boiled, the dextrine is converted into glucose. 

1008. By immersion in strong HNOg, or in a mixture of 
HNO3 and H^S04, or of KNO3 and H2SO4, cellulose is con- 
verted, without dissolving or undergoing any alteration of 
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form, into a mixture of several explosive nitrogenous com- 
pounds, called gun-cotton, or pyroxjlin. More dilute IIXO3 
converts it into substances allied to or identical with starch, 
gum, lactic acid, and malic acid ; and if it is boiled with the 
acid for a length of time it is dissolved with complete decom- 
position. 

1009. By immersion for a few seconds in HXO3 of ordinary 
strength hemp appears pale yellow, flax remains unaltered in 
colour. New Zealand hemp {Phormium tenax) immediately 
becomes blood-red; the latter coloration is produced, even after 
bleaching, or after the fibre has been treated with a solution 
of KHO. This reaction may therefore serve for the detection 
of New Zealand hemp fibre in fabrics. The fibres of several 
plants are coloured pale-red by the acid. The colouring is 
due to the incrusting substances. Cotton is scarcely or not 
at all coloured by HNO3, whereas animal fibres are coloured 
permanently yellow. This reaction may serve for the detection 
of cotton in woollen textures. 

1010. Unsized paper, if immersed for half a minute in a 
mixture of i to |- volume of water and 1 volume of HjjSO^, of 
ordinary strength, and immediately washed first with pure 
water, and then with water slightly ammoniacal, is changed 
into a substance called- vegetable parchment. This substance 
can be formed from cotton as well as from flax fibres. 

1011. The property of linen-fibre to acquire a deep yellow 
colour by boiling with a mixture of equal quantities of water 
and KHO,* whereas cotton is little or not at all coloured by it, 
is applied by Bottger to the detection of linen in cotton. 

1012. Alkaline liquids when dilute do not act upon cellulose, 
but when concentrated they gi*adually destroy its texture. 

1013. " Cellulose in its natural state, is not coloured blue 
by iodine ; but after it has been digested for a short time with 
H2SO4, it becomes of a fine blue when free iodine is added. 
This reaction is sometimes serviceable in the microscopic 
examination of vegetable tissues ; cellulose being thus easily 
distinguished from tissues into the composition of which 
nitrogen enters. By the prolonged action of H2SO4, the 
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property of being coloured blue by iodine disappears, the 
dextrine and sugar which are formed not being susceptible of 
the blue coloration." 

1014. Cellulose dissolves completely in an ammonic sola* 
tion of CuO,* forming a syrupy liquid, which may be filtered 
after dilution with an equal bulk of water. It is precipitated 
from this solution in flakes on the addition of HCl. 

Stabch {Amylum, Fecula, CgHj^Og). 

1015. This substance is deposited in grains in the cellular 
tissue of certain parts of plants. The form and dimension of 
the starch grains are tolerably uniform in the same plant, 
but are very variable in different species of plants. 

1016. It is insoluble in alcohol, ether, and cold water, but 
when a mixture of starch and water is heated to near the 
boiling point, the granules burst and disappear, forming a 
gelatinous mass. If this paste be largely diluted with water, 
the swollen granules of the starch subside, whilst a certain 
quantity of amylaceous matter remains in solution. 

1017. "When dry starch is heated to about 205° C, it is con- 
verted into a substance isomeric with starch, called dextrine or 
British gum. This substance is soluble in cold water, forming 
a ropy solution much resembling gum in properties; but it 
differs from gum in forming a deep blue liquor in a solution of 
CuSO^, which deposits CugO when cold. It is rendered red 
and not blue with iodine. It has been called dextrine from its 
turning the plane of polarization to the right, when acting on 
polarized light. 

1018. Dilute alkalies and acids in the cold cause starch to 
swell up and become partially disintegrated, but if the solution 
is heated it is converted into dextrine. 

1019. An aqueous solution of iodine forms with starch a 
characteristic blue colour ; this colour disappears if the iodine 
be added in excess, or if the solution be heated, but in the 
latter case, the blue colour returns as the liquid cools. De- 

* Prepared by dissolving CuO in ammonia. 
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coloration of iodide of stareh or its aqueous solution is pro- 
duced by all reagents which cause the iodine to enter into 
combination, especiaUj bj chlorine, the colour being restored 
bj Zn and H3SO4 ; HXO3 which converts iodine into iodic acid 
and destroys the starch; SO^, H.»S, AsO^, XH^HO, and 
KHO, the blue colour when destroyed by the alkalies being 
restored by acids. Iodide of starch is likewise decolorized by 
SbClji, A8CI3, AuCl), ferrous, manganous, stannous, mercurous, 
mercuric and argentic salts. Slightly blued starch is de* 
colorized by fixed oils. Alcohol and ether abstract part of 
the iodine from iodide of starch. Infusion of galls decolorises 
iodide of starch ; hence certain roots containing both starch 
and tannin- are not rendered blue by iodine till after the addi- 
tion of HNOg. Decoloration is also produced by pyrogallic 
acid, by wood vinegar, by urine, and by tobacco vapour after 
the compound has been moistened with HA. In presence of 
saliva, blood-serum, and other substances it is not produced 
until the liquid containing the starch has been mixed with 1 — 2 
drops of tincture of iodine, then with a few drops of a solution 
of KHO, and lastly supersaturated with HNO3. 

Gum (C12H20O11). 

1020. This substance is found iu the juices of almost all 
plants, but is met with in its purest form in transparent tears, 
which exude from various species of acacia. G-um-arabic may 
be taken as its type. 

1021. The gums proper are soluble in cold water or hot; 
but muciU^e or bassoritiy a modification of gum, is insoluble in 
water, but when moistened with it, swells up into a gelatinous 
mass. Gum-arabic dried at 120° becomes insoluble in water. 
The gum of seeds and roots or mucilage, which appears to be 
a universally diffused constituent of plants, is soluble in cold 
water, but is insoluble in alcohol and is precipitated from its 
aqueous solutions by tincture of galls. Neutral lead acetate 
does not precipitate it completely, but the basic acetate pro- 
duces complete precipitation. 
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1022. Alcohol and ether precipitate gum from its solution in 
water, in the form of white flocculi, or if dilute, in the form of 
a milky turbidity. 

1023. Solution of KIIO coagulates a solution of gum ; but 
an excess of the reagent renders the liquid limpid. 

1024. Concentrated HNO3 converts gum into mucic and 
oxalic acids. 

1026. If it is boiled with dQute H2SO4 it is transformed 
first into dextrin and then into glucose. 

1026. If a few drops of CUSO4 be added to a solution of 
gum mixed with KHO, a blue precipitate is produced, which 
is insoluble in the liquid, but which is soluble in pure water, 
this solution can be boiled without depositing CuyO. This 
character distingubhes natural gum from dextrine (British 
gum) (1017). 

Cane-suqab or Siicrose (CigHgQOn). 

1027. This variety of sugar is widely spread in the vegetable 
kingdom ; it has been called cane-sugar because it is obtained 
chiefly from the sugar-cane. It has a specific gravity of 1*6. 
It is soluble in about one third of its weight of cold, and is 
much more soluble in boiling water ; its solution has, as is well 
known, a sweet taste. Absolute alcohol dissolves about l-80th 
of this sugar at its boiling point, nearly the whole of which 
separates in small crystals on cooling. It is more soluble in 
ordinary alcohol. It slowly separates from a strong watery 
solution in large, transparent, colourless crystals, having the 
figure of a modified oblique rhombic prism ; if a solution of it 
is kept at a temperature near the boiling point it graduaUy 
loses the property of crystallizing. It melts, about 160° C, 
into a viscous colourless mass, which, on cooling, forms the 
solid known as barley sugar ; if long kept this amorphous form 
of cane-sugar gradually loses its transparency, and becomes 
crystallized. If, after the sugar has melted, the application of 
heat be continued, until the temperature reaches 204° or 215*^ 
C. the sugar loses an equivalent of water, and a brown, deli- 
quescent, dightly hitter and unfermentiscible duhstanee called 
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caramel remams, which is used as a colouring matter by cooks 
and confectioners. If the heat is continued beyond 215° C, 
complete decomposition ensues, inflammable gases are given 
off and a brilliant mass of porous charcoal remains. 

1028. Cane-sugar is not rendered brown as grape-sugar is 
(879) on boiling it in a solution of KHO. 

1029. " Concentrated H2SO4 acts yery energetically upon 
cane-sugar, evolving water, carbonic and formic acids and char- 
coal. It is a striking experiment to mix about equal bulks of 
H2SO4 and strong syrup ; the mixture, when stirred, becomes 
brown and black, then suddenly heats, boils up, and passes 
into the state of a bulky black magma :* the acid appears 
suddenly to abstract the elements of water from the sugar, 
leaving charcoal." The action of H2SO4 upon grape-sugar is 
as we have already noticed (877), very different. 

1030. Strong HNOji converts cane and grape-sugar into 
oxalic acid. 

1031. When cane-sugar is boiled with dilute HCl or H2SO4 
it assimilates water and becomes converted into grape-sugar. 
Yeast effects the same change in its solutions. The converse 
change, that of converting grape-sugar into cane, has not yet 
been accomplished. 

1032. A sugar solution has the property of dissolving many 
basic oxides, baryta and lime are very soluble in cold sugar 
solutions ; when the solution of the alkaline earth is heated it 
becomes opaque, and when the solution reaches the boiling 
point the compound of sugar and the alkaline earth is de- 
posited. 

1033. If to a solution of cane-sugar a solution of caustic 
potash is added> and then a drop or two of a dilute solution of 
sulphate of copper, a deep blue liquid is obtained, which retains 
its blue tint, on being heated. This is a very good test for 
distinguishing the two varieties of sugar, or discovering an 
admixture of grape with cane-sugar (see par. 880). 

* Cane sugar has been given as a test for free sulphuric acid in the 
presence of a sulphate (see par. 407). 
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1034. The properties of grape-sugar have already been 
described under animal chemistry, par. 876. 

1035. Answers to the following exercises must be written 
out: — 

EXEBCISES. 

180. State the method of examining a blood stain on linen, 
and the tests by which it is distinguished. 

181. State the composition and principal properties of cel- 
lulose, describing particularly the action of strong HNO, 
upon it. 

182. How would you separate hippuric acid from human 
urine and exhibit its characteristic properties ? 

183. Name the organic bodies usually present in urine, and 
give the methods for detecting them. 

184. How would you distinguish ammonic urate from mag* 
nesic ammonic phosphate ? 

185. Give the composition of starch and the different kinds 
of sugar, and name some of their characteristic properties. 

186. A deposit in urine is supposed to be uric add. How 
would you ascertain whether such is the case P 

187. How may urea be extracted from urine ? 

188. What are the tests for gelatine ? 

189. A deposit from urine is given you for chemical exami- 
nation ; what substances would you search for, and how would 
you conduct the examination 7 

] 90. What is the action of KHO on cupric salts, and how 
is this action modified in the presence of sugar P 

191. What are the distinctive properties of the uric acid, 
xanthic acid, and cystic oxide calculi P 

192. How would you analyse qualitatively a calculus com- 
posed of calcic phosphate and magnesic ammonic phosphate P 

193. How is a solution of gelatine obtained, and how does 
it differ from one of albumen P 

194. Enumerate the different varieties of urinary calcuh, 
and explain how they may be distinguished p 
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195. Why does urine become ammoniacal. 

196. Describe the properties of albumen and fibrine. 

197. Uric acid may exist as a urinary sediment in one or 
other of three states. What are these, and how may they be 
distinguished from each other? 



OEGANIC BASES AND MECONIC ACID. 

1036. In this section the properties and reactions of the 
most important of the medicinal alkaloids and meconic acid, with 
reagents, are given, and the mode of extracting them in a state 
of purity from complicated mixtures of animal and vegetable 
substances ; together with the more general methods of Stas 
and others, for the detection of poisonous alkaloids in organic 
mixtures. 

Volatile Alkaloid. 
NiooTiNA or NicoTnrE (C10H14N2). 

1037. This alkaloid is contained in tobacco, probably in the 
state of malate and citrate ; in its pure state it is a limpid, 
colourless, oily liquid ; it absorbs oxygen on exposure to air, 
and turns brown and finally becomes solid. It has a strong 
and irritating odour of tobacco; is very inflammable, and 
bums with a smoky flame. It is miscible in all proportions 
with water, alcohol, and ether. It boils at 250^ C, suffering, 
however, partial decomposition in the process ; but when heated 
in a stream of hydrogen gas, it distils over unaltered, between 
100"" and 200° C. Its solutions possess an alkaline reaction. 
It precipitates metallic oxides from solutions of their salts, and 
unites with the acids, forming salts. 

1038. Salts of nicotine are in general very soluble in water 
and alcohol, but insoluble in ether; they are diflBicultly crystal- 
lizable and even deliquescent. 

1039. If an aqueous solution of nicotine, or a solution of 
a salt of nicotine mixed with a solution of NaHO or £H0, is 
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shaken with ether, the nicotine is dissolved by the ether ; if 
the latter is then allowed to evaporate on a watch-glass, the 
nicotine remains behind in drops and streaks ; on warming the 
watch-glass, it volatilizes in white fumes of strong odour. 

1040. Chlorme-gas acts powerfully upon nicotine, producing 
with it a blood-red liquid. 

1041. Solution of I in KI and water, when added in small 
quantity to an aqueous solution of nicotine, produces a yellow 
precipitate, which after a time disappears. Upon a further 
addition of the iodine solution, a copious kermes-coloured 
precipitate separates ; but this also disappears again after a 
time. 

1042. When a glass rod moistened with HCl is brought into 
contact with vapour of nicotine white fumes are produced, as 
with ammonia. Boiled with HCl, the nicotine is coloured 
violet. 

1043. When HNO3 is heated with nicotine a red liquor is 
produced. 

1044. FtCl4 produces in aqueous solutions of the chloride of 
nicotine a yellow crystalline precipitate of chloro-platinate of 
nicotine, which is insoluble in alcohol and ether, slightly soluble 
in cold water, readily soluble in an excess of nicotine, and 
soluble in HCl in the cold. 

1045. AuClg produces a reddish-yellow flocculent precipitate, 
sparingly soluble in HCl. 

1046. ''If an aqueous solution of nicotine is added to a 
solution of HgClj in excess, an abundant, flocculent, white 
precipitate is formed. If solution of NH^Cl is now added to 
the mixture in sufficient quantity, the entire precipitate, or 
the greater part of it, redissolves. But the fluid very soon 
turns turbid, and deposits a heavy white precipitate. 

1047. "Solution of tannic acid produces a copious white 
precipitate, which redissolves upon addition of HCl." 

1048. Nicotine is extremelj^ poisonous, a single drop of it 
being sufficient to kill a large dog* 

1049. To extract nicotine from the animal tissues or the 
contents of the stomach, the animal matter is treated with a 
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solution of KTTO and then treated repeatedly with ether or • 
pure benzole. The benzol or ether solution is evaporated at a 
gentle heat in a retort, the nicotine remains behind in an im< 
pure state. It is then treated with H2SO4, the solution, if 
necessary, filtered, and then treated with solution of KHO 
and ether or benzole as in the first instance. Nicotine may 
also be isolated from foreign organic matter by repeatedly ex- 
hausting the stomach, <&c., with dilute acid, the acid solution 
is filtered and evaporated to dryness on the water bath ; it is 
then redissolved in water and treated with KHO and ether in 
the manner previously described. 

1050. The volatility and odour of nicotine are its most 
characteristic distinctions. 



NON-VOLATILE ALKALOIDS. 

1051. The non-volatile alkaloids are solid, and cannot be 
distilled over with water. 

MoBPHiA or MoRPHniB (CiyHigNOj). 

1052. This alkaloid is contained in opium associated with 
nareotine and several other organic bases (see par. 1071). 
When crystallized ^from alcohol it forms small but very bril- 
liant prismatic crystals, which are transparent and colourless ; 
it crystallizes with an equivalent of water; at a gentle 
heat the water is expelled and the morphine melts and 
forms a tumid resinous mass which solidifies into a radiated 
crystalline mass. When it is obtained by precipitation it 
appears as a white crystalline mass. It is soluble in about 
1000 times its weight of cold and in 400 of boiling water ; the 
solution has a bitter taste. It is soluble in about 90 times its 
weight of cold, and from 20 to 80 parts of boiling alcohol. 
Its aqueous and alcoholic solutions manifest distinctly alkaline 
reactions. It dissolves in amyl-alcohol in the cold but more 
freely with the aid of heat ; it is. soluble in acetic ether. It 
dissolves according to Schlimpert in 60 parts and according to 
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» Pettenkofer in 175 parts of chloroform. Its solubility in ether 
yaries according to its physical condition, recently precipitated 
morphia dissolves in ether about three times as largely aa the 
crystallised base ; therefore, if a solution of a morphine salt 
has been neutralised with one of the fixed alkaline carbonates 
or acid carbonates ether dissolves the precipitated morphine 
if the ether is shaken up with the liquid at once, but not after 
some time, or at least to a very slight extent, as the precipi- 
tated base in time becomes crystalline, and in that condition is 
nearly insoluble in ether. Ether containing alcohol dissolves 
morphine. 

1063. Acids dissolve morphine, forming with it salts which 
are most of them crystallizable. They are readily soluble in 
water and alcohol, but insoluble in ether. Its salts are ex- 
ceedingly bitter to the taste. 

1054. The fixed alkalies and ammonia precipitate morphine 
from the solution of its salts, an excess of the precipitant re- 
dissolves the precipitate. The precipitated morphine redis- 
Bolves with great readiness in the fixed alkalies, but much less 
readily in ammonia. Lime water behaves like the fixed alka- 
lies. 

1055. The fixed alkaline carbonates precipitate morphine 
from the solution of its salts, and it does not redissolve in an 
excess of the precipitant. The fixed alkaline acid carbonates 
also precipitate it, and an excess does not redissolve the preci- 
pitate ; these reagents fail to precipitate morphine from acid 
solutions in the cold. 

1056. Precipitated morphine dissolves in I4H4CI, and with 
diflBculty in (NH4)2C03. 

1057. If a neutral and concentrated solution of a ferric 
salt be added to neutral and concentrated solutions of salts of 
morphine, a beautiful dark-blue colour is produced, which is 
characteristic of morphine. The colour is not permanent and 
it is destroyed by an excess of acid, by the action of heat, and 
even by the addition of alcohol. If the solution contains an 
admixture of animal or vegetable extractive matters or of 
acetates, the colour will appear clouded or less distinct. 
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1058. Concentrated HNO^ colours morphine or its salts in 
the solid state, and also their concentrated solutions orange 
red, which passes hj degrees to yellow ; this coloration is not 
peculiar to morphine. 

1059. Iodic acid is reduced by morphine either free or com- 
bined, the liquid turning brown and emitting an odour of iodine. 
When solid morphine or a morphine salt is moistened with a 
solution of 1 part of iodic acid in 15 parts of water, and a solu- 
tion of 1 part of starch in 400 parts of water is added, a blue 
colour is produced, by which yj^th of a grain may be detected : 
if a drop of the starch solution be preyiously evaporated with the 
morphine, the reaction will suffice for the detection of -j-^^^^^th 
of a grain. If a layer of very dilute ammonia be poured upon 
a solution of morphine mixed with iodic acid and starch, tben, 
even if only -^Jcj^jfth of morphine is present, two coloured 
rings will be formed at the surface of contact, the upper being 
blue, the lower brown; in more dilute solutions only the 
brown ring is produced. Other substances capable of reducing 
iodic acid may likewise produce the blue ring, but not the 
brown ring at the same time (A. Dupr^). 

1060. Dissolve morphine in strong H2SO4 in the propor- 
tion of 0002 to O'OOli grain to 6 or 8 drops of the acid, 
then add a drop of HNO3 whereupon, if the morphine solu- 
tion has been recently prepared, a rose-colour is produced, 
changing after a few seconds to yellow, then to greenish, and 
finally to brown. If a small quantity of water be added to the 
solution of morphine in H2SO4, so that the mixture becomes 
hot, the colouring produced by the subsequent addition of 
HNO5 is of a much deeper carmine red, and much more durable. 
If the sulphuric solution is heated for a few minutes to 
100° — 160°, the addition of a drop of nitric acid produces, 
after cooling, a splendid deep violet colour, which gradually 
disappears from the centre outwards, passing through blood- 
red. If the temperature is raised above 150° the liquid ac- 
quires of itself, at a certain moment, a violet-rose colour ; at 
still higher temperatures, a dirty green colour is produced. On 
adding a drop of HNO3, after cooling, the liquid immediately 
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turns red, without passing through violet. A solution of mor- 
phine in H2SO4, left to itself for twelve to twenty-four hours 
at ordinary temperatures, behaves as if it had been heated to 
100° — 150° ; as regards the sensibility of these reactions ^ of 
a milligramme of morphine is sufficient to produce a very bright 
carmine colour ; ^j^ of a milligramme gives a very distinct re- 
action, and -Y^jf milligramme still gives a perceptible tint after 
half a minute. — (JSusemann.) 

1061. A solution of morphine in "3^0^ previously heated, 
is coloured deep red by ferric chloride, the colour changing 
after a time to dirty green. 

1062. To detect morphine when mixed with animal matter, 
the substance is mixed with alumina, dried between 100° and 
110°, then well pulverized and macerated in cold water acidu- 
lated with acetic acid. The solution treated with ammonia 
deposits morphine, which may then be recognised by its re- 
actions with iodic acid, ferric salts, H2SO4, and HNOj|. 

Naecotiwa or Naeootinb {Q^i^i^Oj). 

1063. I^arcotine appears in the form of acicular groups, or 
in colourless, brilliant, right rhombic prisms, or when precipi- 
tated by the alkalies, as a white, loose, crystalline powder. It 
fuses at 171° C, solidifies again at 130° C. in the crystalline 
or amorphous state, according as the cooling is slow or rapid. 
It is insoluble in cold water, but dissolves in boiling water to 
the extent of 1 part in 7000. It dissolves sparingly in alcohol 
and ether in the cold, but somewhat more readily upon heating. 
Solid narcotine is tasteless, but the alcoholic and etherial 8olu« 
tions are intensely bitter. It dissolves in 26 parts of chloro- 
form, in 60 parts of acetic ether, also in oils, both fixed and 
volatile. Its solutions do not possess an alkaline reaction. 

1064. Narcotine dissolves readily in acids, forming with them 
salts, but the basic powers of narcotine are so feeble that its 
salts have invariably an acid reaction. ^' Those with weak 
acids are decomposed by a large amount of water, and, if the 
acid is volatile, even by simple evaporation. Most of the nar* 
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cotine aaLte are amorphooSy and soluble in water, alcohol and 
ether ; thej have a bitter taste." 

1065. The alkalies, and the carbonates and add carbonates 
of the alkalies, precipitate narcotine immediately from a sola- 
tion of its salts, in the form of a white powder, which, seen 
through a lens magnifying 100 times, appears an aggregate of 
small crystalline needles; the precipitate is insoluble in an 
excess of the precipitant. If a solution of narcotine is mixed with 
ammonia, and ether added in sufficient quantity, the narcotine 
which has separated upon the addition of the ammonia redis- 
solves in the ether, and the clear fluid presents two distinct 
layers. If a drop of the etherial solution is evaporated on a 
watch-glass, the residue is seen, upon inspection through a 
lens magnifying a hundred times, to consist of small, distinct, 
elongated, and lance- shaped crystals. 

1066. ^ CkmcerUrated HNO3 dissolves narcotine to a colour- 
less fluid, which acquires a pure yellow tint upon the applica- 
tion of heat. 

1067. ^ If the solution of a salt of narcotine is mixed with 
eMarine-ioaterf it acquires a yellow colour, slightly inclining to 
green ; if ammonia is then added, a much more intensely 
coloured yellowish-red fluid is obtained. 

1068. ** Narcotine added to cold H2SO4 colours it bluish- violet 
or yellow, which, if the liquid be gently heated, changes to 
orange-red, then to violet-blue at the edge of the dish, and 
lastly violet-red. This reaction is very distinct, if the H2SO4 
contains 1 part in 2000 of narcotine ; and even if it contains 
only 1 part in 40,000 ^a slight carmiae colour is still per- 
ceptible, passing into violet-red." — Husetnann^ 

1069. A solution of narcotine in cold H2SO4 becomes reddish- 
yellow on addition of HNO3 ; with hypochlorite of soda the 
same colour is produced, but preceded by a carmine tint. If 
the solution has been heated, both reagents immediately pro- 
ducea light yellow colour, becoming slightly reddish after awhile. 

1070. A solution of narcotine inH^SO^, previously heated, 
acquires, on addition of ferric chloride, a dark red colour, 
changing to cherry-red, which lasts twenty-four hours. 

23 
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1071. Opium contains, besides morphine and narcotiney the 
following cry stall] zable alkaloids — codeine, thehaine, nareeine, 
and papaverine. The following table shows the difference in 
the solubility of these alkalies in different liquids : 





Water. 


Alcohol. 


Ether. 


Potasli. 


Morphine . . 


SUghtly loluble 


Easily soluble 


Almost insoluble 


Soluble in aa ex- • 
cess 


Narcotine . . 


Almoat inaolnble 


Soluble 


Soluble 


Insoluble 


Nareeine . . 


SlighUy Bolable 


Soluble 


Insoluble 


Sdnbte in vc^ 
potaah 


Codeine . . . 


Soluble 


Extremely solu- 
ble 


Extremely solu- 
ble 


Insoluble in eoD- 
centntedpoC- 
ash. 


Thebaine . . 


Inadttble 


Soluble 


Soluble 


Soluble in weak 
potadL 


Papaverine . . 


Insoluble 


Soluble 


Soluble 


Insoluble. 



Qttina or QunraTE (CaoH24N202). 

1072. This alkaloid exists in combination with kinic acid 
in cinchona barks ; it forms two hydrates, containing re- 
spectively 1 and 3 atoms of water ; the latter is the ordi- 
nary hydrate. It appears either in the form of silky 
needles, or as a loose white powder. It melts at 120^ C, and 
gives up its water of crystallization. It requires about 350 
parts of cold water and 200 of boiling water for its solution. It 
is readily soluble in alcohol, both hot and cold ; it is less soluble 
in ether ; it dissolves in 60 parts of the latter liquid. It is 
also soluble in chloroform and the essential and fixed oils. 
Its solutions have an alkaline reaction and are intensely 
bitter. 

1073. Acids dissolve quinine, forming with it salts which are 
crystallizable, and difficultly soluble in cold, but readily soluble 
in hot water and in spirit of wine. The acid salts dissolve 
very freely in water ; the solutions exhibit the remarkable 
phenomenon of fluorescence or epipolie diepersion — a magnifi- 
cent blue luminosity seen upon the surface of the liquid when 
viewed in reflected lights and which is owing to a change 
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effected in the actinic rays by the dissolyed quinine salt. The 
salta of this base are intensely bitter. 

1074. The fixed alkalies, ammonia, and the alkaline carbo- 
nates precipitate quinine as trihydrate from a solution of its 
salts in an amorphous state, which after some time becomes 
crystalline. The precipitate is only soluble in the fixed alkalies 
to a barely perceptible exteut; but it is more soluble in 
ammonia. In the solutions of the fixed alkaline carbonates, it 
dissolves to about the same extent as in pure water. 

1075. " The addition of chlorine-water to the solution of a 
salt of quinine fails to impart a colour to the fluid, or at least 
imparts to it only a very faint tint ; but if ammonia is now 
added, the fluid acquires an intense emerald-green colour ; by 
this reaction, especially by employing an etherial solution, 
mere traces of quinine may be recognised ; quinidine, however, 
exhibits the same reaction. If, after the addition of the chlo- 
rine water, some solution of potassic ferrocyanide is added, 
then a few drops of ammonia or some other alkali, the fluid 
acquires a magnificent deep red tint, which, however, speedily 
changes to a dirty brown. This reaction is delicate and cha- 
racteristic. Upon addition of an acid (acetic acid answers the 
purpose best) to the red fluid, the colour vanishes, but reap- 
pears afterwards upon cautious addition of ammonia. 

1076. As cinchonine and quinidine exist together with 
quinine in cinchona-barks, their sulphates may occur as impu- 
rities in sulphate of quinine ; they may be recognised by the 
following quinine test of Liebeg : — 10 grains of the sulphate 
to be tested are warmed with 10 drops of dilute H2SO4, and 
15 drops of water in a test tube, the solution is allowed to 
cool, and then 60 drops of commercial ether and 20 drops of 
ammonia-water are added, and the whole is shaken and the 
tube stopped. If the quinine were free from cinchonine, and 
did not contain more than 10 per cent, of quinidine, the whole 
remains in solution ; but if cinchonine were present, it is depo* 
sited as a white pulverulent layer between the ether and the 
water, as is also the case with quinidine when present in large 
quantity. Smaller portions of quinidine crystallize from the 
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ether on standing for a abort time, and still smaller quantities 
when ether saturated with quinidine is employed in the firet 
instance. As it sometimes happens that the upper etherial 
layer solidifies to a jelly, even with pure sulphate of quinine, 
it is more convenient to employ ether containing alcohol, or to 
take a somewhat larger proportion of ether than is directed 
above. — Omelin. 

1077. Stoddart has proposed the following modification of 
Liebig's process : — Into a glass tube or bottle put 10 grains of 
the suspected salt, dissolve in 10 minims of dilute HoSO^ and 
60 minims of distilled water ; to this add 150 minims of puie 
ether, 3 minims of alcohol, and 40 minims of a solution of 
soda (1 part of solid NaHO to 12 of water). Agitate well and 
set aside for twelve hours, when, if the slightest trace of quini- 
dine or cinchonine be present, they will be seen at the line of 
separation between the ether and solution oi'^2i,^0^. If only 
a small per-centage of quinidine be present, it will appear as an 
oily substratum, appearing under a lens as dust, from the 
minuteness of its particles. Cinchonine will appear moie 
decidedly crystalline. With a little practice the eye will easily 
distinguish which of the alkaloids is deposited. 



CrNCHOKINE (C20H34N2O). 

1078. This alkaloid exists, together with quinine, in most of 
the true cinchona barks; it appears either in the form of 
transparent brilliant, four-sided prisms, or fine, white, crystal- 
line needles, or, if precipitated from concentrated solutions, as 
a loose white powder ; in its crystalline state it is anhydiooa. 
It is nearly insoluble in cold water, and requires for solution 
2500 parts of boiling water. It is less soluble in alcohol than 
quinine, and is more soluble in hot than cold alcohol. The 
greater portion of the cinchonine dissolved by hot alcohol 
separates in a crystalline form as the solution cools. It dis- 
solves in 470 parts of boiling ether and 232 parts of chloro- 
form. Solutions of cinchonine have an alkaline reaction and a 
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bitter taste. It fuses at 165° C, to a colourless liquid, which 
becomes a crystalline mass on cooling. 

1079. The acids dissolve cinchonine, forming with it salts 
which are most of them crystallizable ; they are soluble in water 
and alcohol, insoluble in ether. They are exceedingly bitter 
to the taste. 

1080. The fixed alkalies, ammonia, and the neutral alkaline 
carbonates precipitate cinchonine from a solution of its salts, 
in an amorphous state, an excess of the precipitant does not 
redissolve the precipitate. 

1081. ** If the solution of a salt of cinchonine containing 
only very little or no free acid, is mixed with potassic ferro- 
cyanide, a flocculent precipitate of ferrocyanide of cinchonine 
is formed. If an excess of the precipitant is added, and a 
gentle heat very slowly applied, the precipitate dissolves, but 
separates again upon cooling, in brilliant gold-yellow scales, or 
in long heedles, often aggregated in the shape of a fan. With 
the aid of the microscope, this reaction is as delicate as it is 
characteristic." 

STarcHiranB (CjiHjgNgOj). 

1082. This alkaloid exists, together with brucine and iga- 
snrine, in nnx vomica, in St. Ignatius' beans, in the strychnos 
colnbrina, and several other varieties of strychnos ; it crystal- 
lizes from dilute alcohol, in white anhydrous octohedra, or in 
square prisms, which do not fuse on the application of heat ; 
when it is produced by precipitation or rapid evaporation, it 
appears as a white powder. Cold water does not dissolve 
more of it than i^^th of its weight, and it is only slightly 
more soluble in hot water. It is only sparingly soluble in 
dilute alcohol, and almost insoluble in absolute alcohol and 
ether. It dissolves freely in amyl-alcohol, and is soluble in 
chloroform and the essential oils. It is very bitter to the 
taste ; even when its cold aqueous solution is diluted with 100 
times its weight of water, it still possesses a distinctly bitter 
taste. 
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1083. Acids dissolye strychnine, forming with it salts, most 
of which are crjstallizable ; they are soluble in w^ater, and are 
very bitter to the taste. 

1084. The fixed alkalies and their carbonates precipitate 
strychnine from solutions of its salts. The precipitate is in- 
soluble in an excess of these reagents ; and the strychnine is 
only precipitated after the lapse of some time from dilute 
solutions. 

1085. Ammonia precipitates strychnine from a solution of 
its salts, but the precipitate is soluble in an excess of the 
ammonia, from which solution the strychnine separates afler 
some time, in the form of needles ; the length of time required 
for the separation depending upon the strength of the solution. 

1086. If strychnine is dissolved in a drop or two of pure 
concentrated H2SO4 (tlie acid must be free from nitrous acid), 
it forms a colourless solution, which yields coloured reactions 
with most oxidizing substances ; the oxidizing substances are 
added in the solid form, and in small quantities. The follow- 
ing reagents give the colorations named, with the sulphuric 
solution of strychnine : — a. Peroxide of lead gives a blue colo- 
ration, becoming violet, then red, and finally, in a few hours, 
yellow, h. Acid potassic chromate gives a fine violet colorsr 
tion ; if the quantity of strychnine present is large, the colour 
is pale blue, c, Potassic ferrocyanide yields a somewhat simi- 
lar reaction to 5, but more permanent, d. Black oxide of 
manganese affords a violet coloration, becoming dark red in the 
course of an hour. The presence of santonin, or starch, does 
not prevent the recognition of strychnine by acid potassic 
chromate in the above solution ; sugar, quinine, or morphine 
renders it indistinct, but does not affect the reaction with per- 
oxide of lead. The presence of thirty parts of tartar emetic 
does not prevent the coloration with acid potassic cliromate, 
but sixty parts render it indistinct. Very small quantities of 
animal or vegetable extractive matters render the above reac- 
tions indistinct, where the strychnine is present in minute 
traces only. It is, therefore, always advisable to free the 
strychnine first, as far as practicable, from all foreign matten 
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before proceeding to try any of these colour tests ; methods 
for freeing it from organic matter are given in pars. 1089, 
1090, and 1091. These, and similar colour experiments, ought 
to he performed on apiece of white porcelain. 

1087. Concentrated HNO3 dissolves strychnine, forming a 
solution colourless in the cold, but which becomes slightly 
yellow on heating if the strychnine is pure.* If to this solu- 
tion a small quantity of peroxide of lead be added, the same 
changes of colour may be witnessed as in the preceding 
experiment. 

1088. '^ Strychnine is associated in nature with the next 
base, brucine, which may be readily distinguished from it by 
being soluble in absolute alcohol. The action, too, of nitric 
acid upon the two bodies differs; it dissolves brucine and 
colours the solution intensely red ; when heated, this colour 
changes to yellow ; and if SnClj or (NH4)2S be then added, 
the colour again changes and becomes a most intense yiolet.'* 

1089. Detection of Strychnine in the presence of Animal 
Matter. — The mixture to be examined, which, if solid, should 
be cut into small pieces, must be digested in dilute HCl (one 
part of strong acid with ten parts of water) at a temperature 
of 60° to 80° C. The liquid is strained and the residue is 
again exhausted with hot water containing HCL The extracts 
are then mixed with a slight excess of ammonia, and evapo- 
rated to dryness on the water-bath, together with some clean 
sand. The dry residue is exhausted three or four times with 
hot amyl-alcohol, and these alcoholic solutions are filtered 
through paper moistened with the alcohol. The filtrate con- 
tains, besides strychnine, fat and colouring matter, which are 
got rid of by shaking the filtrate with ten or twelve times its 
Tolume of hot water containing HCl ; the strychnine is dis- 
solved in the acidulated water, whilst the greater part of the 
fat and colouring matter remains in the amylic alcohol. The 
hot acid solution must be shaken with fresh portions of the 

* If brucine is present in the strychnine, which is the case with most 
commercial specimens, the colour produced by the HNO3 is deep orange or 
red (see par. 1088). 
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alcohol, 80 long as tbe alcohol continues to dissolve fat and 
colouring matter ; after this the acid solution, mixed with a 
tli^ht excess of ammonia, is evaporated on the water-bath, and 
the residue again exhausted with hot amjlic alcohol, which 
dissolves the free strychnine and leaves it behind on evapora- 
tion. If the strychnine should not be sufficiently pure, it is 
again dissolved in dilute HCl, shaken with amyl-alcohol, and 
the process continued as before. When pure, it may be recog- 
nised as directed at par. 10S6. 

1090. " The presence of strychnine may be detected in veiy 
minute quantities in complicated organic liquidSf by rendering 
them alkaline with a solution of KHO, and agitating tho- 
roughly with a few drachms of chloroform ; the chloroform 
dissolves the strychnine, and leaves it in the solid form on 
evaporation. From this residue it may be extracted by dilute 
HCl, and may afterwards be submitted to the usual tests.*' 

1091. To detect strychnine in beer, shake the beer with 
animal charcoal in the proportion of four ounces of charcoal 
to a gallon ; let it stand over night, collect and wash the char- 
coal once or twice with cold water, and boil it for half an boor 
with eight ounces of alcohol, which takes up the strychnine. 
The residue which remains on evaporating the alcohol is shaken 
with a few drops of KHO and ether, the latter «f which takes 
up the strychnine. The alkaloid may be recognised after 
evaporating the etherial solution, by means of H3SO4 and acid 
chromate of potash. — Oraham and Hofinann, 

BauoiNB (C28H2gN204). 

1092. In addition to the sources of this alkaloid named in 
par. 1082, it exists in large quantity, unaccompanied by 
strychnine, in false angustura bark. It appears either in tiie 
form of transparent oblique rhombic prisms, or in that of 
crystalline needles. It melts readily on the application of 
heat, and loses its water of crystallization. It is easily dis- 
tinguished from strychnine, which it resembles in manj 
respects, by its ready solubility, both in dilute and absolute 
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alcohoL It is difBcuItly soluble in cold, but somewhat more 
soluble in hot water ; one part dissolying in about 850 parts 
of cold and 500 parts of boiling water. It is soluble in amyl- 
alcohol. It is insoluble in ether and fixed oils. Its taste is 

intensely bitter. 

1093. The acids dissolve brucine, forming salts, most of 

which are crjstallizable ; they are readily soluble in water, and 
are very bitter to the taste. 

1094. The fixed alkalies and their carbonates precipitate 
brucine from a solution of its salts; the precipitate is not 
soluble in an excess of these reagents. " Viewed under the 
microscope immediately after precipitation it appears to 
consist of Tery minute grains; but upon further inspection 
these grains are seen-^with absorption of water — to suddenly 
form into needles, which latter subsequently airange them- 
selyes, without exception, into concentric groups. These suc- 
eessive changes of the precipitate may be traced distinctly 
even with the naked eye." 

1095. Ammonia precipitates brucine from its solutions ; the 
precipitate appears at first in the form of minute drops of oil, 
but which finally change to white needles. The precipitate 
is yery soluble in an excess of ammonia ; but it is deposited 
after a time, the length of time depending upon the strength 
of the solution, from the ammoniacal solution in a crystalline 
state. 

1096. The nitric acid reaction described in par. 1088 is cha- 
racteristic for brucine. 

Meoonic Acid (C7H0;H3). 

1097. This acid is one of the constituents of opium ; it 
crystallizes in micaceous scales, or small rhombic prisms, con- 
taining 8 atoms of water, which it giyes off at 100^ C, leaving 
a white, opaque, effloresced mass. It has a sour taste, and 
reddens litmus strongly. It dissolves readily in water and 
alcohol, less easily in ether. 

1098. It is easily oxidized by HNO3, and it is also decom- 
posed on being boiled in a strong solution of KHO. 
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1099. Perric chloride imparts to solutions of the acid and 
its salts a blood-red colour, which is distinguished from ferric 
acetate by not altering in colour bj boiling, and from ferric 
sulphocjanide by not being bleached by treatment with cor- 
rosiye sublimate. 

1100. Plumbic acetate precipitates the acid from its solu- 
tions as plumbic meconate ; this lead salt is decomposed by 
H^S, FbS being formed, and meconic acid set free. 

Detection of opium in organic mixturee, tissues, l[c, 

1101. If the suspected substance if a solid it should be cat 
into small pieces ; if it is not in the solid state it should be 
evaporated nearly to dryness on the water-bath. The original 
solid, or the solid obtained by evaporation, must be digested in 
a small quantity of water containing a little acetic acid either 
in a flask or dish on the water-bath for an hour or so ; the 
mixture is then filtered, and to the filtrate, which must still 
contain a slight excess of acetic acid, is to be added plumbic 
acetate as long as any precipitate is produced ; the meconic 
acid, if present, will be precipitated (par. 1100), whilst the 
morphia will remain in solution in combination with acetic 
acid. The mixture must be warmed, but not boiled, and after- 
wards allowed to cool. When cold it is filtered, the filtrate is 
examined according to 1103, and the precipitate according to 
1102. 

1102. The precipitate having been thoroughly washed with 
water, is removed into a beaker and mixed with water ; a cur- 
rent of H2S is then passed through the mixture, which is occa- 
sionally stirred during the passage of the gas ; when the gas is 
in excess the mixture is filtered; the filtrate contains the 
meconic acid, the precipitate consisting of PbS. The filtrate 
is warmed and, if necessary, concentrated at a temperature not 
exceeding 71° C, to expel the H2S. It is then tested for 
meconic acid as directed at par. 1099. 

1103. To the filtrate from the acetate of lead precipitate, 
and which will contain the morphia if present, is added H^S 
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in excess to precipitate the excess of Pb which was added ; 
when the gas is in excess the mixture is filtered, and the filtrate 
which contains the morphia as acetate is evaporated to a small 
bulk on the water-bath. To the concentrated solution is added 
potassic carbonate slightly in excess, which precipitates the 
morphine ; the mixture is then agitated with an etherial solu- 
tion of acetic ether. After subsidence the etherial solution is 
poured off and allowed to evaporate spontaneously, when there 
is left a residue of morphia in more or less well-defined 
crystals, to which the tests 1059, 1060, can be successfully 
applied. 

Methods for the detection of poisonous alkaloids in organic 

mixtures, 

1104;. When the organic bases have to be sought for among 
the contents of the stomach or intestines, or in articles of foody 
or in pappy matters^ the substances to be examined are treated 
with twice their weight of pure absolute alcohol, to which from 
ten to thirty grains of tartaric or oxalic acid, in preference 
tartaric acid, have been added, and the mixture is heated in a 
flask or retort to between 70° and 75° C. "When quite cold 
the mixture is filtered and the insoluble portion is washed with 
strong alcohol, the washings being collected with the filtrate. 
The filtered liquid is eyaporated in vacuo, or in a tubulated 
retorty through which a strong current of air is passed at a 
temperature of not more than 33° C. If after the volatiliza- 
tion of the alcohol, the liquid residue contains fatty or other 
insoluble matters, it must be again filtered, the filter being 
moistened with water, and the filtrate and the washings of the 
residue on the filter evaporated under an air-pump or under a 
bell-jar over concentrated H2SO4 until nearly dry. The residue 
is then treated with cold absolute alcohol, taking care to ex- 
haust the substance thoroughly ; this alcohol solution is left to 
evaporate in the open air at the ordinary temperature, or still 
better in vacuo ; this residue we will name a. 

1105. Solid matter, such as the lungs, liver, heart, &c., must 
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be cut into very small pieces, then moistened with absolute 
alcohol acidified with tartaric or oxalic acid as in the preceding 
par. ; after pressing out the L'quid this treatment with alcohol 
must be repeated until all the soluble matter m completely ex- 
tracted. Collect the fluids obtained, and filter and allow the 
filtrate to eyaporate in the open air at the ordinary tempera- 
ture or better still in vacuo ; this residue we will name b, 

1106. The a or 5 residue must be dissolved in the smallest 
possible quantity of water, and pure acid carbonate of soda or 
potash in powder must be added gradually to the solution 
until it is neutralized. The neutralized solution must be 
immediately shaken with four or five times its volume of pure 
ether to dissolve the alkaloid ; it must be allowed to settle, 
and when the layer of ether has become perfectly clear, a little 
of it is removed into a watch-glass, and allowed to evaporate 
spontaneously. If after the evaporation of the ether oily 
streaks remain upon the glass and gradually collect together 
at the bottom of it, a liquid and volatile alkaloid is probably 
present. K this be the case, the warmth of the hand will be 
sufficient to cause the contents of the watch-glass to exhale a 
disagreeable smell, which, according to the nature of the 
alkaloid, is more or less sharp, choking and irritating. When 
a volatile alkaloid is indicated, examine the ether solution accord- 
ing to par. 1109. 

1107. If the residue left in the watch-glass on the evapo- 
ration of the ether is a eolid, or a turbid fiuid with solid parH- 
cles suspended in it, a solid non-volatile alkaloid is indicated; 
in this case the warmth of the hand may cause the residue to 
emit a disagreeable animal smell, but not a pungent odour. 
When a nou -volatile alkaloid is indicated, examine the ether 
solution according to par. 1111. 

1108. Stass's process is given for the purification when a 
volatile alkaloid has been indicated, and Otto*6 modification of 
Stass's method when a non- volatile alkaloid is suspected. 

1109. A volatile alkaloid has been indicated in the trial 
sample. To the solution from which the trial sample of ether 
was taken, add one or two cubic centimetres of a strong 
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solution of KHO or NaHO ; shake the mixture, then let it rest 
until the ether solution has separated perfectly from the 
alkaline one; then remove the etherial (supernatant) fluid 
into a flask, and treat the alkaline solution with a fresh 
portion of ether as before ; draw off the ether solution into the 
flask which contains the former ether fluid, and repeat the 
treatment of the alkaline fluid with ether two or three times 
more, the ether solutions so obtained being all mixed together ; 
the mixture is then to be shaken with 1 or 2 cubic centi- 
metres of a mixture of 4 parts bj weight of water and 1 part 
by weight of H2SO4 ; after being allowed to stand, the ether is 
drawn off, and the acid liquid is washed with a second quantity 
of ether. As the sulphates of the volatile alkaloids are 
soluble in water, and as almost all of them are insoluble in 
ether, the alkaloid sought is contained in the acid solution in 
the form of pure sulphate.* The ether, on the other hand, 
retains all the foreign organic matter which it has dissolved out 
from the alkaline solution. The ether solution leaves, there- 
fore, upon spontaneous evaporation, a trifling faint yellow 
residue, of a nauseous odour, and containing a small quantity 
of Conine sulphate, if that base were present. 

1110. Mix the acid solution (which will contain one or all of 
the following bases if they are present, as their sulphates are 
entirely insoluble in ether — sulphates of ammonia, nicotine, 
aniline, picoline, and petinine ; and the solution will also con- 
tain the greater part of the conine, if that base is present) 
with a concentrated solution of NaKO or KHO in excess, 
then agitate and exhaust the mixture with pure ether, which 
will dissolve the liberated "bases, including ammonia ; the ether 
solution is drawn off, and then allowed to evaporate at as low 
a temperature as possible ;t almost all the ammonia volatilizes 
with the ether, whilst the alkaloid remains as residue. To eli- 
minate the last traces of ammonia, the vessel containing the 

* Sulphate of conine is not qnite insoluble in ether, a little of this al- 
kaloid will therefore remain in the ether solution ; the greater part, how- 
ever, will remain in the aqueous acid solution. 

t If conine be present some of it will evaporate with the ether. 
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alkaloid is placed for a few minutes in a vacuam over n2S04 ; 
the alkaloid then remains in a state of purity, and the 
analyst must determine by appropriate tests what alkaloid 
it is. 

1111. A non-volatile alkaloid has been indiaUed in the trial 
sample. Let the etherial solution from which the trial sample 
was taken evaporate spontaneously, dissolve the residuary 
impure alkaloid in a little water containing some H^SO^, and 
then shake the solution repeatedly with ether, which will dis- 
solve the foreign matters present, and will not dissolve the 
sulphates of the alkaloids. Eemove the ether solution, and 
then add to the aqueous add solution Na^COg in excess, and 
then add some ether immediately and shake repeatedly (the 
ether dissolves the liberated alkaloid) ; draw off the ether 
solution and let it evaporate, when the alkaloids which were 
held in solution by the ether will be left in a very pure state, 
and, to a great extent, in the crystalline form ; the analyst 
must now determine by appropriate tests what alkaloid is 
present. 

1112. Uslar and Erdmann employ, instead of absolute alcohol 
and oxalic or tartaric acid, HCl and amyl alcohol in the manner 
described at par. 1104. 

1113. Diah/tic method. — ^The dialytic method devised by 
Graham, and noticed at par. 269, may also be advantageously 
employed to effect the separation of alkaloids from the con- 
tents of the stomach, intestines, &c. Acidify with HCl, and 
place the matter in the dialyser. The alkaloids, being crys- 
talline bodies, dialyse into the outer fluid for the greater part 
in about twenty-four hours; from this solution they may, then, 
according to circumstances, either be thrown down at once, 
after concentration by evaporation, or they may be purified 
according to the general method just given. 

1114. Answers to the following exercises must be writ- 
ten out. 
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199. Specifj the colour-tests for morphia^ strychnia, and 
qnmine. 

200. Name the alkaloids in nnz vomica, and describe their 
characteristic reactions. 

201. How is iodic acid employed as a test for morphia P 

202. How would you examine the contents of a stomach for 
strychnine? What sort of evidence would you consider 
necessary to place the presence of the alkaloid beyond 
doubt P 

203. How is morphia detected in organic mixtures P 

204. Describe the processies required for the identification of 
nicotine. 

205. Give the tests by which quinine, cinchonine, and 
quinidine, are distinguished from each other, particularising 
the simplest and most certain. 

206. Qive an account of the preparation and leading pro- 
perties of meconic acid. 

207. What are the distinguishing properties of meconio 
add and morphia? 



PART in. 



OPERATIONS. 



BOLTJTION. 



1115. Many solid bodies, when placed in contact with a 
liquid, possess the property of becoming thoroughly incorpo- 
rated with it, by passing into the fluid state. This change is 
expressed by the term solution, and the liquid in which the 
solid dissolves is called the solvent. 

1116. Solutions are of two kinds, simple and chemical. A 
simple or mechanical solution is the mere dissolving of a solid 
in a liquid, no chemical change occurring in either ; on the 
removal, therefore, of the liquid by evaporation, the solid is 
obtained in its original condition. Common salt dissolved in 
water affords an illustration of a simple solution. 

1117. In a chemical solution the solid and fluid combine to- 
gether, forming an entirely new substance, from which the 
original solid and fluid can no longer be extracted by mere 
mechanical operations. Chalk dissolved in HCl affords an 
example of a chemical solution. 

1118. The solvent in a simple solution cannot dissolve un- 
limited quantities of the substance to be dissolved ; it can only 
dissolve certain fixed quantities of the solid, the amount varying 
with the kind of solid, and the amount of any particular solid 
varying with the solvent. When the solution contains as 
great a quantity of the solid matter as it is capable of disolving, 
it is said to be saturated. A solution is known to be saturated 
when fresh solid matter of the same sort, on being put into 
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it, remains undissolyed. But as fluids dissolve generally 
larger quantities of a substance the higher their temperature, 
the term saturated, as applied to simple solutions, is only re- 
lative, and refers invariably to a certain temperature. From 
the tendency of heat to diminish the force of cohesion, it 
naturally results that the solubility of most bodies is increased 
by heat ; this, however, is not always the case ; some bodies, 
as common salt, are equally soluble in water at all tempera- 
tures, whilst, in other cases, the solubility is greater at par- 
ticular temperatures than either above or below them. The 
liquids employed as solvents in simple solutions are water, 
alcohol, ether, oils, &c. The most important solvent is water ; 
the others are only resorted to when the substance to be dis- 
solved is insoluble in that liquid. 

1119. " A chemical solution may be accelerated by elevation 
of temperature ; and this is, indeed, usually the case, since 
heat generally promotes the action of bodies upon each other. 
But the quantity of the dissolved body remains always the 
same in proportion to a given quantity of the solvent, what- 
ever may be the difference in temperature — ^the combining 
proportions of substances being invariable, and altogether in- 
dependent of the gradations of temperature.** The liquids 
which produce chemical solutions are, in most cases, either 
acids or alkalies. 

1120. The process of solution is conducted either in evapo- 
rating dishes or test-tubes. The latter are generally employed 
when the quantity of the solid operated upon is small. The 
more minutely any substance is powdered, the more its solu- 
tion is facilitated. Solid substances are generally reduced to 
powder in mortars. 

PEECIPITATIOK. 

1121. It is frequently necessary to remove a constituent — it 
may be either the metal or metalloid of some binary compound, 
or the acid or base of some ternary one — from the liquid in 
which the compound is dissolved. This is effected by making 

24 
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it a constituent of some new compound, which is insoluble in 
the liquid in which the original compound was dissolved. This 
operation, which is called precipitation, is owing, therefore, to 
the formation of a new solid substance, which is insoluble in 
the liquid in which its constituents were dissolved, and which 
falls, or is precipitated to the bottom, owing to the solid being 
specifically heavier than the liquid. Occasionally, however, it 
is lighter, and floats upon the surface. In both cases, the in- 
soluble substance is called the precipitate, and the substance 
producing the precipitation is termed the precipitant, 

1122. Precipitation is an operation which is constantly prac- 
tised in the preparation of substances in the manufactory as 
well as in the laboratoiy. We also resort to it in the laboratory 
for the purposes of detecting and separating substances one 
from another. Thus, if we had a solution which might contain 
some compound of Ba and Ca : to ascertain whetber Ba was 
present, and, if it was, to separate it from the solution, before 
ascertaining whether Ca was likewise present, we might add a 
soluble chromate; if Ba was present, BaCr04 would preci- 
pitate, being insoluble in water, whilst CaCr04 being soluble, 
would remain in solution. If we were now to add'to the clear, 
filtered solution, some soluble oxalate, CaC204, being insoluble 
in water, would precipitate. If the chromate produced no 
precipitate, there could be no Ba ; if the oxalate produced no 
precipitate, after having separated the Ba (if present), Ca must 
be absent. 

1123. Precipitates are classified, according to their appear- 
ances, into crystalline, pulverulent, floceulent, curdy, and yeUh 
tinous. The terms turbid and turbidity are applied when the 
precipitate is so small that it cannot be distinguished, except 
by impairing the transparency of the fluid. 

1124. The separation of precipitates from liquids is, with 
some few exceptional cases, much assisted by the application 
of heat and agitation. The operation, when performed- as an 
analytical operation, is conducted in test-tubes, which, firom 
their transparency, admit of an inspection of the process. 
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1125. These terms are applied to a modification of the same 
operation — yiz., the mechanical separation of fluids from solid 
matter mixed with them. 

FILTBATION. 

1126. In filtration, the separation of the fluid from the solid 
matter is accomplished bj passing it through filtering paper of 
a proper size and shape, supported in a funnel. The pores of 
the paper permit the fluid to pass through ; whilst the solid 
matter, being prevented, remains behind. 

1127. To prepare a filter, take a small piece of filtering paper 
(the best white blotting paper), and fold it twice, from side to 
side ; then round off with scissors the projecting corners, so 
that the paper may fall wholly within the funnel ; moisten the 
paper when placed within the funnel, and then carefully pour 
the liquid to be filtered upon it. The funnel, when large 
quantities have to be filtered, is supported in one of the rings 
of the retort stand ; but in the ordinary filtrations required in 
qualitative analysis, it may rest on the mouth of a test-tube. 
The filter should not project over the edge of the funnel, es- 
pecially if the substance in the filter requires to be washed. 
Should the first portions of the liquid which pass through the 
filter not be perfectly bright, which is frequently the case, they 
must be returned to the filter, and this must be repeated until 
it is perfectly bright. The liquid which passes through the 
filter is called the JUtrate. 

DECANTATION". 

1128. When the solid particles are very heavy, the superna- 
tant liquid can be perfectly separated, v^ithout passing it through 
a filter, by simply inclining the vessel, so as to allow the fluid 
to pass away unattended by the precipitate, or by removing 
the fluid by a syphon. 
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1129. The separation in this way of a sob'd from a fluid is 
called decantation. 

1130. Too great attention cannot be paid to the washing of 
precipitates when they are required for further examination. 
After the precipitate has been thrown upon the filter, a stream 
of water must be projected from the wash-bottle upon it, from 
time to time, until it is perfectly freed from soluble matter; 
this is soon accomplished if hot water be employed. Hot 
water may therefore be used in all cases unless the contrary 
be expressly stated. 

BVAPOEATIOK. 

1131. This process is used for the purpose of obtaining matter 
in a solid state from solutions. By the aid of heat, the vola- 
tile fluid passes off in the gaseous form, whilst the non-yolatile 
matter remains behind. 

1132. If the evaporation be conducted slowly, the solid 
matter will frequently, on being deposited, assume a crystalline 
form. The operation is then termed crystallization, 

1133. This operation is frequently conducted for the purpose 
of obtaining a liquid in a more concentrated form, by volatilizing 
a portion only of the fluid. Vessels are constructed expressly 
for the purpose called evaporating dishes. 

niSTILLATIOir. 

1134. This operation, like the former one, consists in the 
separation of a volatile from a less volatile fluid, or in the 
separation of a liquid from a solid. But in evaporation no 
attention is paid to the volatilized fluid, whilst in distillation 
it is frequently the only substance required. A distilling 
apparatus is therefore so constructed as to allow the evapo- 
rated fluid to be collected, which is called the distillate^ It 
consists of three parts :-^l. A vessel in which the liquid to 
be distilled is heated. 2. An apparatus in which the vapour 
is cooled and condensed. 3. A vessel for receiving the dis- 
tillate. 
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1135. On a small scale, glass retorts are employed ; but ia 
the distillation of large quantities, the stills are usually made 
of metal. 

IGNITION. 

1136. By this operation volatile is separated from non- 
volatile solid matter ; it requires the application of a high 
temperature, and must be conducted in crucibles. This pro- 
cess is therefore an evaporation of solid bodies, 

SUBLIMATION. 

1137. By sublimation we effect not only the separation of 
volatile from less volatile solid matter, but by cooling we bring 
the volatile matter back to the solid state, and in this state it 
is called the sublimate, 

1138. This process is therefore a distillation of solid bodies. 

FUSION. 

1139. This term is applied to the liquefaction of a solid, by 
the mere application of heat. It is also used for the decom- 
position of solids in the " dry way." 

1140. By this operation we are able to resolve insoluble sub- 
stances into forms which admit of solution. This is accom- 
plished by causing their proximate elements to unite with 
bodies the compounds of which will be capable of solution. 
Thus BaS04, which, from its insolubility both in water and 
acids, resists the action of reagents in the fluid state, is decom- 
posed in this way. It is mixed with three or four times its 
own weight of dry Na2C03, and the mixed mass exposed in a 
crucible for some time to a high temperature. The two salts 
mutually suffer decomposition when placed in these conditions, 
BaCOg and Na2S04 being formed. If the fused mass be 
treated with water^ the N 03804 dissolves in that liquid, whilst 
the BajCOg, being insoluble, remains undissolved, and, after 
being well washed, may be dissolved in HCl or HNO3. '^^® 
fusion takes place at a lower temperature if a mixture of equal 
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parts of NagCO^ and K2CO3 are employed, than if either of 
the carbonates were used separately. 

DEFLAGBATIOir. 

1141. This term is applied to all decompositions attended 
with noise. It also includes the oxidation of a substance by a 
reagent, in the dry way, on account of the slight exploaions 
which frequently attend this kind of oxidation. 

THE BLOWPIPE. 

1142. The mouth blowpipe is a small instrument which is 
employed for directing a fine and continuous stream of air into 
the flame of a candle or lamp. By the flame thus produced 
two reverse chemical operations may be performed, viz., oxida- 
tion and reduction. The flame is therefore distinguished by 
these properties into the outer or oxidizing flame and the 
inner or reducing flame. 

1143. In the oxidizing flame, the inflammable vapour is in a 
state of complete combustion, being supplied and mixed with 
an excess of atmospheric air. From the high temperature re- 
sulting from the perfect combustion of the inflammable vapour, 
and likewise from the excess of oxygen, all the requisite con- 
ditions are present for causing substances with an affinity for 
that element to enter into union with it. 

1144. In the reducing or deoxidizing flame the inflammable 
vapour is in an incomplete state of combustion, due to a 
deficiency of atmospheric air ; hence any metallic oxide placed 
in this portion of the flame is robbed of its oxygen by the 
inflammable vapour, which requires that element for its com- 
bustion. 

1145. A reducing flame it obtained by keeping the nozzle of 
the blowpipe in an inclined direction, parallel to the surfiioe of 
the wick, and just touching the exterior siurface of the flame. 
An oxidizing flame i« obtained by keeping the nozzle of the 
blowpipe at the same inclination as in the former case, and in- 
troducing it into the flame to about one third the breadth of 
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the wick, at such a distance only from the surfiice of the latter 
as to obtain a clear, unbroken flame. A weak blast of air is 
only required for the reducing flame, but a strong blast is 
required for the oxidizing flame. 

1146. The colour of the reducing flame is bright yellow if an 
oil lamp or candle is used ; but if gas is used, it should be of 
the same blue colour as the centre of the oxidizing flame. The 
colour of the oxidizing flame in all cases is a pale-blu6, almost 
invisible by daylight. 

1147. " When any substance is submitted to the action of 
the reducing Jlatne, it should be so held as to be entirely sur- 
rounded by the reducing flame, and protected from the oxidizing 
action of the surrounding atmosphere ; but this condition 
being fulfilled, it should be held as near as possible to the 
point of the flame, in order to gain the greatest amount of 
heat and preyent any deposition of soot, which would shield 
the substance from the action of the flame, and would be occa- 
sionally attended with other disadvantages." 

1148. When a substance is submitted to the action of the 
oxidizing flame, it should be held just beyond the point of this 
flame if a candle or oil lamp is used ; but if gas is used, it 
should be held at a considerable distance (viz., one half to 
three quarters of an inch) beyond the point of the visible 
flame. 

1149. '^ As the current of air which is supplied ought to be 
continuous, its production requires some attention and address. 
The air is not blown directly from the lungs, but is forced 
from the mouth by means of the cheeks. The difficulty con- 
sists in inspiring and expiring through the nose, while a con- 
tinued stream escapes from the mouth. This may be attained 
by attention to the following directions : — Inflate the mouth 
fiilly, and then, with the lips firmly closed, and the back of 
the mouth closed by the tongue, breathe freely through the 
nostrils. While the respiration proceeds, and the month is 
inflated, allow a little air to escape through a very minute 
opening between the lips, renewing the supply in the mouth 
by occasionally admitting air from the lungs without inter- 
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fering with the process of respiration through the nose." — 
iPamell, In attempting this, the student will not, probably, 
be immediately successful, but a few days' perseTering 
practice will enable him entirely to master this prinuury 
difficulty. 

1150. The flame of the blowpipe. — When coal-gas is available, 
it is to be preferred, since it is perfectly free from dirt and 
grease, and admits of being regulated with the greatest nicety. 
The gasburner ought to be of an oblong shape instead of round, 
the current of air being blown lengthways. When gas cannot 
be procured, an oil lamp or wax candle may be used. An oil 
lamp proper for blowpipe operations can be obtained at any of 
the shops where they sell chemical apparatus — it need not, 
therefore, be described ; it will be sufficient to say that it must 
have a broad and moderately thick wick, and that on each 
occasion the wick must be trimmed* before employing the 
flame for the blowpipe experiments. The best kind of oil for 
the lamp is pure rape or olive oil. The flame of a wax candle 
is far inferior in size and intensity to that of a lamp. Bun- 
sen*8 lamp is described at par. 1167. 

1151. SuppoBTS. — Various materials are used as supports 
for substances during the time they are exposed to the blow- 
pipe flame; the principal are charcoal, platinum wire and 
foil, and glass tubes. The kind of support is regulated by 
the change we wish to eflect upon the substance under exa- 
mination. 

1152. Charcoal. — The properties which make charcoal so 
valuable as a material for supports in blowpipe experiments 
are — 1st, its inf usibility ; 2nd, its low conducting power for 
heat, which permits substances being heated more strongly 
upon a charcoal than upon any other kind of support ; 3rd, its 
[jorosity, which makes it imbibe readily fusible substances, 
such as borax, carbonate of soda, &c., whilst infusible bodies 
remain on the surface ; 4th, its power of reducing oxides, which 

* The wick must be evenly cut and perfectly free from all extraneous 
fibres. 
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greatly contributes to effecting the reduction of oxides in the 
inner blowpipe flame. 

1153. Charcoal supports are used principally in the re- 
duction of metallic ozides> <&c.| or in trying the fusibility of 
bodies. The substance to be subjected to the blowpipe flame 
— which, if in powder, should be previously moistened with a 
little water to make it cohere — is placed in a shallow hole made 
in the charcoal either with a knife or with a proper charcoal 
borer, and the charcoal is so held that the flame may impinge 
upon it at an angle of about 20 degrees. Metals that are 
volatile at the heat of the reducing flame evaporate wholly or in 
part upon the reduction of their oxides ; in passing through 
the outer flame the metallic fumes are reoxidized, and the 
oxide formed is deposited around the portion of the matter 
upon the support. Such deposits are called incrustations. 
Many of these exhibit characteristic colours leading to ^the 
detection of the metals. 

1154. Charcoal made from light woods — as the alder and 
pine — is the best for blowpipe experiments. It must be well- 
burned ; it must be compact and free from crevices ; it must 
not scintillate, smoke, or bum with flame ; and it must of 
course, be perfectly dry. It should be cut by a small-toothed 
saw into pieces about six inches in length and from one to two 
inches in breadth,, having a flat smooth surface at right angles 
to the rings of growth. It is this surface which is always to 
be used ; and a good piece of charcoal may be made to serve 
for repeated experiments by simply filing oflT the used surface, 
and exposing a new one after each operation. As it is 
very difficult to get charcoal sufficiently good for blowpipe 
experiments, Mr. John J. Griffin has provided an excellent 
substitute, an account of which is given in pars» 1160 to 
1167. 

1155. JPlatinum, Platinum wire, and occasionally platinum 
foily is used in all oxidizing processes before the blowpipe, and 
also when fusing substances with fluxes, with a view to try 
their solubility in them and to watch the phenomena attending 
the solution and mark the colour of the bead ; lastly, also to 
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introduce substances into the flame, to see whethw thej will 
colour it. 

1156. The ends of the wire are twisted into a small loop 
(fig. 5), and when required for use, the loop is moistened 
with a drop of water, then dipped into the powdered flax 
(when a flux is used), the portion adhering to the wire is then 



Fig. 5. 
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exposed to the flame of a gas or spirit-lamp, when fused, and 
whilst still hot, it is dipped again into the powdered flux, and 
this is continued until the loop is completely filled with the 
flux after it has been fused. The bead when cold is moistened 
again, and a small portion of the substance to be examined put 
on and made to adhere to it by the action of a gentle beat. 
The loop is then finally exposed, according to circumstances, 
to the inner or to the outer blowpipe flame. 

1157. A great many metallic oxides dissolve in borax, forming 
coloured glasses. If any metallic arsenides or sulphides are 
present in the substance which has to be examined with borax, 
the substance must be roasted by the method described in the 
next par. before making the examination with borax; and 
it is frequently advantageous, before roasting the powdered 
substance, to mix it with a little powdered charcoal, so as to 
prevent the formation of sulphates and arseniates. 

1158. Gla»9 tubes. Tubes of hard German glass of about a 
quarter of an inch internal diameter, five or six inches long, 
and open at both ends, are used in blovrpipe experiments princi- 
pally for roasting substances containing sulphur, arsenic, sele- 
nium, antimony, teUurium, &c., which, when heated with 
access of air, evolve fumes which may be recognised by colour, 
odour and chemical reaction. 

1159. SmaU Glass Bulbs, or what answers equally well, 
glass tubes closed at one end of about two and a half to three 
inches long, and &om one eighth to one fourth of an inch in- 



AKD THE APFABA.TX7B BEQUIBED. 879 

temal diameter, are employed to test Bubstances for water, 
merciuy, sulphur, or other bodies which are volatilized by the 
application of heat without the access of air. The volatile 
products collect in the neck of the bulb or tube, and may be 
judged of by their colour, odour, &c. 

1160. Oriffin' 8 substitute far charcoal. "The blowpipe ex- 
periments that require the assistance of charcoal may be 
divided into two classes. In the first class may be named the 
formation of beads with microcosmic salt, the trial of fusi- 
bility per sey and the roasting of the metallic compounds that 
contain such volatile elements as sulphur and arsenic. The 
second class of experiments is restricted to the fusion of 
minerals or metallic compounds with carbonate of soda, or 
with soda and borax, for the purpose of effecting particular 
combinations, or of procuring their metals in a state of regulus. 
Por these two classes of experiments I make use of two dif« 
ferent composition supports, the first of which I call Supports 
for .Fkisians, and the second. Supports for deductions. They 
are alike in appearance. Each consists of two parts — an upper 
or combustible portion, and a base or incombustible portion, 
llie former is the proper substitute for the ordinary charcoal, 
the under portion acting only as a crucible, in which the com- 
bustible portion is contained. I shall first describe the com- 
poeition and formation of the supports, and afterwards show 
the way to use them. 

1161. " The incombustible portion of both supports is made 
of fine pipeclay and charcoal powder, mixed in equal parts by 
weight with as much water, slightly thickened with rice paste, 
as is sufficient to form a stiff plastic mass. 

1162. *' The combustible portion of the Support for Fusions 
consists of — 

^' Charcoal, in fine powder 12 parts. 

Bice flour .... i » 

Water, about ... 8 „ 

The rice is boiled in the water to form a paste, with which the 
charcoal is afterwards mixed into a mass of the consistence of 
dough. 
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1163. ** The upper part of the Support for Reductions con- 
sists of the following mixture : 

" Charcoal, in fine powder . 9 part-s. 

Carbonate of soda, crystallized 2 „ 

Borax, crystallized . . 1 »> 

Rice flour .... i „ 

"Water, about ... 8 „ 

'The water is boiled, the soda and borax are dissolved in it, 
and the rice is then added to form a paste, with which the 
charcoal is finally incorporated, and the whole well kneaded 
into a stiff mass. The mould in which these compositionB are 
pressed to form the supports is made of boxwood.* 

1164. "The principal points which require attention to 
ensure success in this process are to have the materials in the 
state of a very fine powder, and the moist compositions of a 
proper degree of consistency. If they are too soft, the sup- 
port will not quit the mould without losing its form ; if too 
dry, the particles of the support will not cohere. The proper 
state is found after a few trials. It is most convenient to 
begin by making the mixture too soft, and then drying it 
slowly till it is found to be hard enough to work easily. The 
composition is rolled into balls with the fingers. The moulds 
should be kept clean, and the forming parts of the pestle for 
the charcoal composition, and the ring, should be oiled. The 
point of the pestle for the clay composition must not be oiled, 
because grease prevents the adhesion of the combustible por- 
tion of the clay base. A pestle made on purpose for the 
operation, is used to remove the finished support from the 
mould, by pressure on the clay foundation. 

1165. " When the support is taken from the mould, it ia 
placed on a hot plate or sand-bath to dry, after which the rough 
edges are taken off by a rasp. It is then ready for use. The 
bottoms of supports for reductions are painted with red ochre 
mixed with rice paste, to distinguish these from the other kind. 

* These moalds, and every other part of the apparatus, are sold by 
Mr. Griffin, and, I have no doubt, can be procured through any of the 
other dealers in chemical apparatus. 
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The size I have fixed upon is as follows : — height, half an inch ; 
diameter at top, half an inch ; at bottom, two fifths of an inch. 
The weight is about 16 grains, consisting of 10 grains of clay 
crucible, and 6 grains of combustible matter. I have tried 
several other sizes, but this I find to be the most generally 
convenient. Nevertheless, a higher temperature can be pro- 
duced upon a smaller support ; and I find that large masses of 
charcoal are not essential, since many blowpipe experiments 
can be finished during the combustion of only two grains of 
charcoal. When in use, they are supported by a handle made 
of wire, turned into the form of a ring ; a piece of tobacco 
pipe can be used for the handle of the wire support. 

1166. " The following is the method of using these supports. 

'' Firstly, the surface of one of the supports for ^sion is 
heated before the blowpipe flame. The support continues to 
bum like an ordinary pastile, till it is consumed down to the 
clay : in this respect the support has a superiority over common 
charcoal, which soon ceases to bum when removed from the 
fire. The ignited support is then to be rested upon a porce- 
lain capsule, and a quantity of microcosmic salt, sufficient to 
form a bead, is placed on its red-hot surface. The salt in- 
stantly melts, and sinks into the central cavity, so as to form 
a bead ; the heat, the form, and the smoothness of the surface 
of the support, facilitating this part of the process. The salt 
is then heated before the blowpipe, till it is converted into a 
transparent, colourless bead. The support is again placed on 
the porcelain capsule, and the metallic substance intended to 
be incorporated with the bead is added to it. The support 
continuing to be red-hot, and the bead consequently continuing 
soft, the substance so added is immediately absorbed, and its 
loss by dispersion prevented ; whereas, upon common charcoal 
the fused salt solidifies soon after it is removed from the flame : 
and the substance added for examination, not adhering to it, 
is often blown away by the first blast from the blowpipe jet. 
The bead is now again fused, till the substance added to it is 
decomposed, and the resulting glass is observed to fuse quietly. 
It is then ready for examination ; but it is sunk in the bottom 
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of the hollow of the support, and cannot be seen bj trans- 
mitted light, unless the projecting sides of the support be re- 
moyed. This is effected as follows : the support is placed, as 
before, on the porcelain capsule, and the operator blows with 
his mouth, without the blowpipe, strongly down upon his sur- 
face. The pastile then burns awaj rapidly, and the force of 
the blast disperses the ashes, until the whole rim of the sup- 
port is consumed. The bead then appears situated on the 
summit of a cone, and can be examined either by reflected or 
transmitted light. It is also in a position adapted for expo- 
sure to the different action of the oxidating and reducing 
flames, so as to haye the character of the included metal fully 
developed. If, finally, the charcoal is allowed to bum wholly 
away, the coloured bead can be lifted from the ashes and pre- 
served in a glass tube for subsequent examination and com- 
parison. 

" Secondly, if the sorfiice of one of the supports for reductions 
be heated before the blowpipe, it becomes at first like the 
simple charcoal support ; but in proportion as the charcoal is 
consumed, the fluxes which were mixed with it, and which are 
not volatile, concentrate and fuse upon the surface of the 
residue. If, therefore, a reducible metallic compound is 
heated upon such a support, it becomes at once exposed to the 
reducing action of the high temperature, of the nascent oxide 
of carbon, and of the carbonate of soda, whilst any earthy 
matter that it may contain is vitrified by the attendant 
borax." — Oriffin. 

1167. BunseiCs gas-lamp , — This gas-lamp with non-luminous 
flame is represented in fig. 1 of the Plate, and must be made 
exactly to scale, 8^ times as large as the drawing. It must be 
furnished with a cap at a for closing and opening the draught- 
holes, so as to be able to regulate the supply of air for every 
dimension of the flame. The conical chimney, d d d d, fig. 2, 
must also be made of such a size that the flame bums per- 
fectly steady. Fig. 2 of the plate represents this flame 
of its natural size. It is composed of the following three 
chief divisions : 
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A. The dark cane, a a a, containi^ig the cold unbumt gas 
mixed with about 62 per cent. 

B. The fiame-mantle, ae ah, formed of the burning coal-gas 
mixed with air. 

G. The luminous point, aha, not seen when the lamp 
is burning with the draught-holes open, but obtained of the 
size required for the reactions by closing these holes up to a 
certain, point. 

The following six points in the flame are used in the re- 
actions : 

1. The haee of the Jlame lies at a ; its temperature is com- 
paratiyelj very low, as here the burning gas is cooled by the 
upward current of cold air, and much heat is absorbed by the 
cold end of the metal tube. If mixtures of flame-colouring 
substances are held in this part of the flame, it is often pos- 
sible to Taporize the most Yolatile constituent, and thus 
in the first few moments to obtain tints which cannot be ob- 
served at higher temperatures, because they then become 
masked by colours produced by the volatilization of the remain- 
ing substances. 

2. 2^ zone qfJuHon lies at /3, somewhat above the first 
third of the flame in height, and midway between the inner 

■ 

and outer limits of the mantle at the point where the flame 
is thickest. This is the point in the flame which possesses the 
highest temperature, and it is therefore used in testing sub- 
stances as regards their melting-point, their volatility, emis* 
sive power, as well as for all processes of fusion at high 
temperatures. 

3. The lower oxidizing Jlame lies* at y, in the outer margin of 
the zone of fusion, and is especially suitable for the oxidation of 
substances dissolved in beads of fused salts. 

4. The upper oxidizing Jlame at b is formed by the highest 
point of the non-luminous flame, and acts most powerfully 
when the draught-holes of the lamp are wide open. This flame 
is suited for the oxidation of larger portions of substance, for 
roasting off volatile oxidation-products, and generally for all 
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those cases of oxidation in which an excessiyelj high tempe- 
ratare is not needed. 

5. The lower reducing flame lies at h, on the interior edge of 
the mantle next to the dark central zone. As the reducing 
gases at this point are mixed with unbumt atmospheric 
oxygen, many substances remain here unaltered which become 
deoxidized on exposure to the upper reducing flame. This 
point of the flame gives, therefore, yery valuable reactions 
which cannot be obtained with the blowpipe. It is especially 
available for reductions on charcoal, and in beads of fused 
salts. 

6. The upper reducing flame is formed by the luminous 
point 17, produced over the dark zone when the admission of air 
is lessened by the gradual closing of the draught-holee (fig. 
1, a). If this luminous point is made too large, it will be found 
that a test-tube filled with cold water becomes covered with a 
film of lamp-black: this never ought to occur. This flame 
contains no free oxygen, is rich in finely divided incandesceut 
carbon, and hence it possesses far more powerful reducing- 
powers than the lower reducing flame. It is especially avail- 
able for reducing metals when it is desired to collect them in 
the form of films. 



Method or Examination vs the yabious pabts of the 

Flame. 

A. Behaviour of the Elements at High Temperatures.^ 

1168. This is one of the most important reactions which can 
be employed for the detection and separation of substances. 
The possibility of producing, with the flame of the lamp alone, 
a temperature as high as or higher than that of the blowpipe 
depends upon the fact that the radiating surface of the heated 
body be made as small as possible. The arrangement for 

* For farther iuformation with regard to the flame reactions the student 
is referred to the translation of Hansen's paper by Professor Bosooe in 
the * Philosophical Magazine,' for 1867. 
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bringing the substances into tbe flame must therefore be on a 
very small scale. The platinum wire upon which the substance 
is heated must scarcely exceed the thickness of a horsehair, 
and one decimetre in length of the wire must not weigh more 
than 0*034 grm. It is impossible to obtain the results here- 
after detailed if a thicker wire than this is employed. Sub- 
stances which act upon platinum, or which will not adhere to 
the moistened surface of the metal, are held in the flame upon 
a thin thread of asbestos, of which a hundred may be obtained 
from one splinter of the mineral. These threads must not 
exceed in thickness one-fourth of that of an ordinary lucifer- 
match. Decrepitating substances are ground to the finest pow- 
der on the porcelain lamp-plate with the elastic blade (a) of 
the knife (fig. 4), and drawn up on to a moistened strip of one 
square centimetre of filter-paper. If the paper ia then burnt, 
being held with the platinum forceps, or, better, between 
two rings of fine platinum wire, the sample remains as a 
coherent crusty which now may without difficulty be heated in 
the flame. 

1169. If the substance requires to be heated in the flame 
for a long period, the holder (fig. 5) is used. The arm (a) is 
fJEbstened to the carrier (A), so fixed on the stand by a spring 
(as seen at B) that it can be moved both horizontally and 
vertically. The glass tube (fig. 0) is held on this arm (a), and 
the fine platinum wire fused on to the tube thus held in the 
flame. The splinters of asbestos are stuck into the glass 
tube (h), which slips into the holder, and may then be moved 
with the carrier (A). The carrier (B) carries a spring-clamp 
for holding test-tubes which have to be heated for a consi- 
derable time in a particular part of the flame. The little turn- 
table (C) contains nine upright supports to hold the wire tubes 
(fig. 6) employed in the experiments. By means of these 
arrangements a particle of the substance under examination is 
brought into the fiame, and its behaviour in the coldest and 
hottest parts of the flame is ascertained, the substance being 
examined with a lens after each change of temperature. The 
following six different temperatures can be obtained in the 

25 
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flame, and'tbese points maybe judged of by observing tbe 
tints attained by the thin platinum. wire: — 

1. Below a red heat. 

2. Commencing red heat. 

3. Bed heat. 

4. Commencing white heat. 

5. White heat. 

6. Strong white heat. 

It is scarcely necessary to remark that these different tem- 
peratures must not be ascertained by the glow of the substances 
themselves, as the luminosity of different bodies depends not 
only upon the temperature, but also mainly upon their specific 
power of emission. 

li70. The following phenomena are observed when a sample 
of a substance is heated : — 

1. EmUsion of Light, — The emissive power of substances is 
ascertained by placing them on the platinum wire in the hot- 
test part of tbe flame. Tbe sample is of weak emissive power 
when it is less luminous than the platinum wire, of a mean 
emissive power when both appear about equally luminoos, 
and of strong emissive power when the intensity of the light 
which it emits is greater than that from the platinum. Most 
solid bodies emit a white light, others (as, for instance, erbia) 
coloured light. 

Some bodies, such as many osmium, carbon, and molybdenum 
compounds, volatilize and separate out finely divided solid 
matter, which renders the flame luminous. Gases and vapoun 
always exhibit a smaller power of emission than fused sub- 
stances, and these generally less than solid bodies. The form 
of the substance under examination must always be noted, as 
the emissive power depends upon the nature of the surface : 
thus compact alumina, obtained by slowly heating the hydrate, 
possesses only a moderate emissive power, whereas the porous 
oxide prepared by quick ignition of the sulphate possesses a 
high power of emission. 

2. The melting-point is determined by using the six different 
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temperatures already mentioned. At every iDcrease of tempe* 
rature the bead is examined with the lens to see whether the 
Tolume is decreased or increased, whether bubbles are given off 
on melting, whether, on cooling, the bead is transparent, and 
what changes of colour it undergoes during the action of the 
heat or on afterwards cooling. 

3. The volatility is ascertained by allowing equally heavy 
beads of the substance, placed on a platinum wire, to evaporate 
in the zone of fusion, and observing the time, by means of a 
metronome, which the bead takes to volatilize. The point at 
which the whole of the substance is converted into vapour can 
be ascertained with great accuracy, often to a fraction of a 
second y by the sudden disappearance of the coloration of the 
flame. The platinum wire upon which the substance is 
weighed is protected from the moisture of the air by insertion 
in a tube (fig. 7). If we know the weight of the tube and 
wire, the right weight of substance can easily be attached, 
either by volatilizing a portion or by fusing some more sub- 
stance on to the bead, and thus making it lighter or heavier. 
The experiments are best made with one centigramme of sub- 
stance. The position in the flame where the highest constant 
temperature exists can be found by moving a fine platinum 
wire, fixed on a stand and bent at its point at a right angle, 
slowly about the zone of fusion, and noting the point where it 
glows most intensely. The beads to be volatilized are then 
most carefully brought into the flame at the same distance 
from the point of this wire. Care must also be taken that 
the dimensions of the flame do not undergo change from 
alterations in the pressuie of the gas whilst the experiments 
are going on. 

4. FlamC'Coloraiion. — Many substances which volatilize in 
the flame may be detected by the peculiar kinds of light which 
their glowing gases emit. These colorations appear in the 
upper oxidizing flame when the substance causing them is 
placed in the upper reducing flame. Mixtures of various 
flame-colouring substances are tested in the lowest and coldest 
part of the flame ; and here it is often possible to obtain for a 
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few moments tbe peculiar luminosity of the most volatile of 
the substances unaccompanied bj that of the less Tolatile 
constituents. 



B. Oxidation and Reduction oj* Substances. 

1171. In order to recognise substances bj the phenomena 
exhibited in their oxidation and reduction, and to obtain them 
in a fit state for further examination, the following methods 
are employed : — 

1. Reduction in glass tubes is especially employed for the 
detection of Hg, or for tbe separation of S, Se, F, &c., when 
in combination with Na or Mg. A stock of very thin glass 
tubes is prepared, each 2 to 4 millims. in width and 3 centims. 
in length : forty of these are easily made out of one ordinary- 
sized test-tube, by softening the glass before the blowpipe, and 
then drawing it out until the requisite size of tube is obtained. 
This long tube is then cut up with a diamond into pieces 6 to 
8 centims. long, and each of these again divided into two over 
the lamp, and the closed ends neatly rounded. The sample 
having been finely powdered with the knife-blade (fig. 4, a) on 
the porcelain plate (fig. 3), is treated in a tube either by itself^ 
or with a mixture of carbon and soda, or with Na or Mg. A 
piece of magnesium wire, a few millims. in length, is for this 
purpose pushed down into tbe powdered sample contained in 
the glass tube ; the sodium is carefully freed from rock oil, and 
rolled out between the fingers to a small cylinder, which is 
then surrounded by the powdered substance. The best form 
of carbon is the soot from turpentine, which has been deposited 
upon tbe outside of a basin filled with cold water. As soon 
as the small tube containing the perfectly dry sample has been 
heated to the point of fusion of the glass, when generally an 
ignition inside the tube is noticed, it is allowed to cool and 
then placed upon the porcelain plate, covered by a piece of 
paper and crushed to powder with the knife, for the purpose 
of further examining the products of reduction. 

2. Reduction on splinters of Charcoal. — In this way the 
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metal can be obtained in small globules, or as a porous mass, 
from quantities often less than a milligramme of the sample. 

A transparent crystal of sodic carbonate is brought near to 
the outside of the flame, and a common wooden lucifer-match 
then rubbed over two-thirds of its length with the drops of 
fused salt. If the match is then turned upon its axis through 
the flame, the carbonized wood becomes surrounded with a 
crust of solid sodic carbonate, which, on heating in the zone 
of fusion, melts, and is absorbed by the carbon. A splinter 
of charcoal is thus obtained, which is prevented from burning 
by its glaze of soda. A mixture q£ the substance is then made 
with the knife upon the hand with one drop of the melted 
soda-crystal, and a portion of this, of the size of a mustard- 
seed, placed upon the point of the splinter. As soon as this 
has been melted in the lower oxidizing flame, it is passed 
through a part of the dark interior zone to the hotter portion 
of the lower reducing flame. The point at which the reduction 
occurs is easily seen by the violent effervescence of the soda ; 
and this is after a time stopped by bringing the splinter into 
the dark zone. In order to isolate the reduced metal, the end 
of the splinter is broken off and rubbed up with a few drops of 
water in a small agate mortar, when the metallic particles are 
generally visible without removal of the carbon. For further 
examination, the carbon and soda can be easily removed by 
several careful washings, and the particles transferred to a 
small piece of curved glass cut out from an old flask,* in which 
they are again washed by decantation, the last drops of water 
removed by suction with a piece of fllter-paper, and the me- 
tallic particles dried at a moderate heat. A few tenths of a 
milligramme of the metal is generally sufficient to yield a solu- 
tion with which all the characteristic precipitations can be 
accomplished, the reagents being contained in capillary glass 
threads, dropped into the solution by the milligramme, and 
the effect thus produced ascertained by examination with a 
lens. Iron, cobalt, and nickel, which do not fuse to globules 

"* Watch'glasses crack mach too readily to be used for such experi- 
menta. 
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on the splinter, are withdrawn from the agate mortar by means 
of the point of the magnetized blade (fig. 4, b), washed with 
water, and dried high above the flame on the point of the 
knife. If the blade be then tightly drawn between the upper 
part of the thumb and the lower part of the first finger, and if 
the point of the blade be then approached to the metallic par- 
ticles on the finger, they jump from the hand to the blade, 
fordiing a brush-like bundle, which can be conveniently ex- 
amined by the lens, and by touching with a melted borax- 
bead can be transferred in suitable quantities. The portion of 
metal remaining on the knifQ is rubbed on to a small piece of 
filter- paper, a drop of acid added, and the paper warmed over 
the flame so as to allow the metal to dis9olve ; this solution 
can then be further examined with various reagents. 

3. FUfM upon Porcelain, — Those volatile elements which 
are reduced by carbon and hydrogen can be deposited from 
their compounds as films on porcelain either in the elementary 
state or as oxides. Such films can be extremely easily con- 
verted into iodides, sulphides, and other compounds, and thus 
may be made to serve as most valuable and characteristic tests. 
The films are composed in the centre of a thick layer, which 
on all sides gradually becomes thinner until the merest tinge 
is reached; it is therefore necessary to distinguish between 
" thick " and " thin " parts of the films. Both exhibit in their 
variation of thickness all the tints of colour characteristic of 
the substance under different circumstances of division. One 
tenth up to one milligramme is in many cases sufficient for 
these reactions. Many surpass Marsh's arsenic test in delicacy 
and certainty, and approach in this respect the spectrum- 
analytical methods. 

The following films can be obtained : — 

(a) Metallic Jilms are prepared by holding in one hand a 
particle of the substance on an asbestos-thread in the upper 
reducing flame, which must not be too large, whilst with the 
other hand a glazed porcelain basin, 1 to 2 decimetres in 
diameter, filled with cold water, is held close above the 
asbestos-thread in the upper reducing flame. The metals 
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separate out as dead-black or brilliantly-black films of varying 
thickness. Even Pb, Sn, Cd, and Zn yield in this way films 
of reduced metal, which by mere inspection cannot be dis* 
tinguished from the soot separated out on the porcelain by a 
smoky flame. By means of a glass rod, these films can be 
touched with a drop of dilute HNO3, containing about 20 per 
cent, of real acid ; and the various degrees of solubility of the 
films serves as a distinguishing characteristic. 

(J)) Oxide-Jilmi are obtained by holding the porcelain basin 
filled with water in the upper oxidizing Jlame^ the rest of the 
operation being the same as in the production of the metallic 
films. If only a very small quantity of the sample can be em- 
ployed, care must be taken to lessen the size of the flame, in 
order that the volatile products may not be spread over too 
large a surface of porcelain. 

The film of oxide is examined as follows : — 

(a) The colour of the thick and thin film is carefully ob- 
served. 

(/S) The reducing action or otherwise of a drop of stannous 
chloride is noted. 

(y) If no reduction occues, NaHO is added to the stan- 
nous chloride until the precipitated hydrate redissolves, and 
thea it is to be observed whether a reduction occurs. 

(i) A drop of perfectly neutral silver-nitrate is rubbed over 
the film with a glass rod, and a current of ammoniacal air is 
blown over the surface from a small wash-bottle containing 
ammonia solution, and having the mouth-tube dipping under 
the liquid and the exit-tube cut off" close below the cork. If 
a precipitate is formed, the colour is observed, and the solu- 
bility or alteration, if any, noticed which occurs when the 
current of alkaline air is continued, or when a drop of am- 
monia-liquor is added. 

{b) lodide-Jilms are simply obtained from the oxide-films by 
breathing on the latter upon the cold basin, which is then 
placed upon the wide-mouthed well-stoppered glass (fig. 8) 
containing fuming hydriodic acid and phosphorous acid de- 
rived from the gradual deliquescence of phosphoric triiodide. 
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When the mixture no longer fumes, owing to absorption of 
moisture, it is easy to render it again fuming by adding a little 
phosphoric anhydride. Other films, often containing both 
iodides of a metal, and therefore frequently less regular in 
colour and appearance, may be easily obtained by smoking the 
oxide-film with a fiame of alcohol containing iodine in solution 
placed upon a bundle of asbestos- threads and held under the 
basin. If any iodine be condensed on the basin with the 
HI. it can easily be removed by gentle warming and blowing. 
The examination of the film is conducted as follows : — 

(a) The solubility of the film is examined simply by breathing 
upon it when the basin is cooled ; the colour then either changes 
or entirely disappears, the film being dissolved in the moisture 
of the breath. If the basin be gently warmed, or if it be blown 
upon for some distance, the film again becomes visible by the 
evaporation of the moisture in the current of air. 

(/3) The ammonia compound of the iodide is formed by 
blowing ammoniacal air upon it, and noticing whether the 
colour of the thick and thin films alters quickly, slowly, or not 
at all. The different colours reappear at once if the basin 
be held for a few moments over an open bottle containing 
fuming HCl. 

(y) The iodide-films generally give the same reactions as 
the oxide-films with silver-nitrate and ammonia, with stannous 
chloride, and with caustic soda. 

(b) The sulphide-film is most easily obtained from the iodide- 
film by blowing upon it a current of air saturated with am- 
monic sulphide, and removing the excess of sulphide by gently 
warming the porcelain. It is advisable to breathe on the film 
from time to time whilst the current of sulphuretted air is 
being blown on the basin. The experiments to be made with 
this film are : — 

(a) The solubility or otherwise in water is ascertained bj 
breathing on to it, or by addition of a drop of water. The 
sulphides often possess the same colour as the iodide-films; 
they may, however, generally be distinguished by their insolu- 
bility on breathing. 
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(0) The solubility of the sulphide in ammoiiic sulphide is 
ascertained by blowing or dropping. 

(h) Films on Test-tubes. — Under certain circumstances it is 
adyisable not to collect the film on porcelain, but upon the 
outside of a large test- tube (fig. 5, e) ; this method is espe- 
cially used when it is needed to collect larger quantities of the 
reduction film for the purposes of further examination. The 
fine asbestos-thread with the sample of substance is held on 
the glass tube (h) before the lamp so that it is placed at the 
height of the middle of the upper reducing flame, and the 
test-tube fixed so that the lowest point is just above the end 
of the asbestos-thread. If the lamp be now pushed under the 
test-tube, the substance and the asbestos-thread are in the 
reducing flame. By repeating this operation the film can be 
obtained of any wished-for thickness ; some pieces of marble 
are in this case placed in the test-tube, to prevent the water 
from being thrown out of the tube by percussive boiling. 

III. The Eeactions of the Elements. 

1172. The elements, which can easily be recognised by their 
flame reactions, are arranged in the following groups and sub- 
groups according to their behaviour in the reducing and oxi* 
dizing flames : — 

A. Elements which are reducible to metal and are deposited 
in films. 

1. Films scarcely soluble in cold dilute nitric acid-«-tellu- 
rium, selenium, antimony, arsenic. 

2. Eilms slowly and difficultly soluble in cold dilute nitric 
acid — ^bismuth, mercury, thallium. 

3. Eilms instantly soluble in cold dilute nitric acid — cad- 
mium, zinc, indium. 

B. Elements reducible to the metallic state, giving no film. 

1. Not fusible to a metallic bead. 

a. Magnetic — iron, nickel, cobalt. 
h, 2^on-magnetic — palladium, platinum, rhodium^ iri- 
dium. 

2. Fusible to metallic beads — copper, tin, silver, gold. 
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C. Elements most easily separated and recognised as com- 
pounds — tungsten, titanium, tantalum and niobium, silicon, 
chromium, vanadium, manganese, uranium, sulphur, phos- 
phorus. 
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1173. A large number of substances are volatilized when a 
small particle of the substance in the solid state is introduced 
into the inner flame of a gas or spirit-lamp. Many of these 
substances in volatilizing colour the outer flame, and as the 
colour imparted to the flame is in most cases different and 
distinct for each substance, the coloration of the flame has long 
been employed in chemical analysis as a test for many sub- 
stances. Thus — Soda and its salts impart to the flame a yellow, 
potash and its salts a violet, strontia and its salts a crimaon 
colour. The intensity of the colour of the salts of the same 
base, varies with their volatility, the most volatile of the salts 
producing the most intense coloration. Difficultly volatile 
salts produce only a slight, and non- volatile salts no coloration ; 
thus, with silicates and other non-volatile compounds, such as 
are met with in nature, it is often difficult to detect 3 or 4 per 
cent, of the alkalies. In such cases the coloration may fre- 
quently be produced by adding some other substance which 
has the power of decomposing the compound under examina- 
tion, and forming, with the substance we wish to detect, a 
compound which will volatilize at the temperature of the flame. 
If we add, for instance, to silicates containing only 3 or 4 per 
cent, of the alkalies, a little ^ur0 gypaum, this will* decompose 
the silicate, a volatile alkaline sulphate, which will impart a 
colour to the flame, being formed. 

1174. As the colour produced by one substance interferes or 
entirely obscures that produced by another, we were formerly 
unable to detect more than one body in a mixture of substances 
by means of the colour imparted to the flame. This defect 
has lately been overcome by looking at the coloured flame 
through coloured media, as coloured glasses and coloured 
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liquids, which intercept the colour produced by one substance, 
whilst they allow the colour produced by another substance to 
pass. Thus, the yellow colour produced by sodium compounds 
obscures the violet produced by potassium ones ; Cartmell, 
who was the first to employ coloured media, proposed, in order 
to detect potash in the presence of soda by means of the 
coloured flame, to view the flame through a blue glass stained 
with cobalt: through this coloured glass no coloured rays 
from soda (or lithia) can pass, but it admits those peculiar to 
potash. 

1175. A solution of indigo can also be employed for the 
same purpose, Cartmell, for instance, detected lithia in the 
presence of soda and potash, by comparing the mixed colour 
of the flames of those bases with that of the flame of pure 
potash, when both are viewed through an indigo solution. 
Bunsen has found that the discrimination of these bases in 
presence of each other is more easily eflected by observing the 
suoeession of changes of colour, which the mixed flame pro- 
duced by these substances experiences when the rays reach 
the eye after passing through gradually thicker layers of an 
indigo solution. Eor this purpose a hollow plate glass prism 
(fig. 6) is used, filled with indigo solution ; it is 40 millimetres 
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high, and its principal section is a triano'le, with two sides of a 
150 millimetres, and the other of 35 millimetres. The indigo 
solution is made by dissolving 1 part of indigo in 8 parts of 
fuming sulphuric acid, diluting with 1500 to 2000 parts of 
water, and filtering. 

1176. In the following experiments the prism was moved 
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horizontally before the eye, so that the rays of the flame always 
passed through gradually thicker layers of the medium. The 
alkaline substances, brought singly into the melting-space, ex- 
hibited the following changes : 

1. Chemically pure CaClg produces a yellow flame, which, 
even with very thin layers of the indigo solution, passed through 
a tinge of violet into the original blue lamp flame. 

2. Chemically pure NaCl, the same. 

3. Chemically pure KgCOg or KCl appears of a sky blue, 
then violet, and at last of an intense crimson red, even when 
seen through the thickest layers of solution. Admixtures of 
soda or lime do not hinder jthe reaction. 

4. Chemically pure LgCOg or LCI gives a carmine-red flame, 
which, with increasing thickness of the medium, becomes 
gradually feebler, and disappears before the thickest layers 
pass before the eye. Lime and soda are also without influence 
on this reaction. 

1177. Merz has proposed employing, in addition to the 
cobalt blue glass, a violet^ a red, and a green glass ; the violet 
glass is tinted with manganesic oxide ; the red glass (partly 
coloured and partly uncoloured) with cuprous oxide, and the 
green glass with ferric and cupric oxides. The common 
coloured window glass will generaUy be found to answer the 
purpose of the green glass. 



REAGENTS. 

1178. — LIST or THE EEAGBNT8 EMPLOYED IN THE FLriD 

STATE. 

1. HCl, Hydrochloric acid (muriatic acid), if pure, is pe^ 
fectly colourless, and leaves no residue when evaporated ; its 
sp. gr. should be 1*2. The substances with which it is gene 
rally contaminated are Fe, As, and H2SO4. It may also con- 
tain CI and SO2. 

If it gives, after dilution with distilled water, a precipitate 
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with BaC]2, H2SO4 is present. If it turns yellow on eyapora- 
tion, or if, after adding NH4HO in excess, then acidifying with 
acetic acid, it gives a blue colour after the addition of a solu- 
tion of potassic ferrocyanide, it contains Fe"'. If it imparts a 
blue tint to a solution of £1 mixed with starch paste, it con- 
tains CI, and if it discolours a fluid made faintly blue with 
iodide of starch, it contains SOj' Examine it for As by 
Marsh's test, described in the fifth group of bases. 

Dilute one part of the concentrated acid with two parts of 
water. 

2. HNO3, Nitric cteid (aqua fortis), when free from non- 
Tolatile matter, leaves no residue on evaporation ; its sp. gr. 
should be 1'517. The impurities often found in it are HCl 
and H2SO4. 

If, after dilution with distilled water, it gives a precipitate 
with BaCL;, H2SO4 is present ; and if the diluted acid gives a 
precipitate with AgN03, HCl is present. 

Dilute one part of the concentrated acid with two of water. 

3. NitrO'hydrochloric acid (aqua regia) is prepared by adding 
four parts of concentrated hydrochloric acid to one of concen- 
trated nitric acid. 

'' Nitric acid and hydrochloric acid decompose each other, 
the decomposition, mostly resulting, as Qay Zussac has shown, 
in the foinnation of two compounds which are gaseous at the 
ordinary temperature, NOClg (chloronitric acid), and NOCl 
(chloronitrous gas), and of CI and water. If one equivalent of 
HNO3 ifl used to three equivalents of HCl, it may be assumed 
that only chloronitric acid (NOCI2), CI and H2O are formed 
(HNO3 + 3HC1 = NOCI2 + CI + 2H2O). This decompo- 
sition ceases as soon as the fluid is saturated with the gas ; but 
it recommences the instant this state of saturation is disturbed 
by the application of heat or by decomposition of the acid. 
The presence of the CI, and also, but in a very subordinate 
degree, that of the acids named, makes aqua regia the most 
powerful solvent for the metals (with the exception of those 
which form insoluble chlorides." 

This test is employed in an undiluted state. 
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4. H2SO4, Sulphuric acid (oil of vitriol), frequently oontainB 
As, Pb, Fe"', Ca, and oxides of nitrogen. The Pb is deposited 
to a great extent when the acid is diluted, PbS04 being less 
soluble in dilute than in concentrated H^SO^. 

This acid ought to leare no residue upon evaporation on 
platinum ; and if it does not remain perfectly clear upon dilu- 
tion with four or five parts of spirits of wine, PbSO^, Fr2"'3S04, 
or CaS04 is present. " The presence of small quantities of Pb 
is detected most easily by adding some HCl to the H2SO4 in a 
test tube; if the point of contact is marked by turbidity 
(PbClg), Pb is present." If a solution of FeS04 is poured 
upon some of the acid in a test tube, so that the iron so- 
lution floats upon the acid, a purplish red ring will be formed 
at the junction of the two solutions, if the acid contains 
nitric or hyponitric acid. If, after dilution with 20 parts 
of water, it imparts a blue tint to a solution of KI, mixed 
with starch paste, hyponitric acid is present. Examine 
it for arsenic by Marsh's test, described in the fifth group of 
bases. 

Fresenius recommends the following process for the prepa- 
ration of pure sulphuric acid : — Take of strong sulphuric acid 
1000 grm., ammonic sulphate 3 grm., manganic peroxide in 
powder 5 grm., put the acid in a porcelain di^^h, add the am- 
monic sulphate, and heat till copious fumes of £[3804 escape; 
this is done to destroy any oxides of nitrogen. After cooling, 
add the manganic peroxide, and heat to boiling, with stirring, 
in order to convert any arsenious into arsenic acid. When cool, 
pour off the clear fluid into a retort about a litre in capacity, and 
distil. The neck of the retort must reach so fiir into the receiver 
that the distillate may drop directly into its body. The receiver 
should not be cooled with water. To prevent the neck of the 
retort from touching the receiver, some long asbestos may be 
used. When about 10 c. c. have been drawn over, change the 
receiver, and distil off three fourths of the contents of the 
retort. This method depends upon the fact that sulphuric 
acid containing arsenic in the form of arsenic acid, yields an 
arsenic-free distillate. 
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The dilute acid is prepared by adding four parts of water to 
every one of the concentrated acid. 

5. H2C4H4O0H2T, Tartaric acid is generally sufficiently pure 
for analytical purposes. As it undergoes decomposition in 
solution, a small quantity only should be prepared at a time. 

For use, dissolve one part, by weight, of acid, in two parts, 
by measure, of water. 

6. NaHC^H^Og, Sodic hydric tartrate is prepared by dis- 
solving a quantity of tartaric acid in water, dividing the solu- 
tion into two equal parts, and neutrahzing one exactly with 
^82003, and then adding the other portion, and afterwards 
evaporating the whole solution until the bitartrate crystal- 
lizes. 

For use, make a saturated solution. 

7. HC2H302=HA, Acetic acid, when employed in analysis, 
ought to leave no residue on evaporation, and ai^er saturation 
with Na^COg, emit no empyreumatic odour. It ought to give 
no precipitate with BaClj and AgNOg, and it ought to give no 
colour or turbidness with HgS, or with (NH4)2S, after it has 
been neutralized with NH^HO. 

The ordinary commercial acetic acid is sufficiently concen- 
trated for analytical purposes. 

8. HgS, Hydrosulphuric acid (sulphuretted hydrogen) is 
prepared by adding to FeS, in an appropriate apparatus, dilute 
H2SO4 or HCl. The H28 is liberated in its gaseous state, and 
may be passed through any solution under examination ; or a 
solution of the gas may be obtained by passing it through pure 
water. As this solution very soon decomposes by contact with 
the atmosphere, it ought to be prepared very frequently, and 
kept in well-stoppered bottles. 

FeS, from which HgS is obtained, is prepared by projecting 
a mixture of thirty parts of iron filings with twenty-one of 
flowers of sulphur, in small portions at a time, into a red-hot 
crucible, replacing the cover after each addition. When the 
whole has been added, the ignition must be continued for a 
short time, until the excess of sulphur has been dissipated. 
Bloxam has found that HjS, prepared from FeS, contains 
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arsenic^ but if obtained from native sulphide of antimony and 
HCl it is free from it ; it ought, in examination for poisons at 
least, always to be prepared from the antimony sulphide. 

9. SOg, Sulphurous anhydride^ is prepared by acting upon 
copper or charcoal with sulphuric acid. For this purpose small 
pieces of charcoal are introduced into a flask, with from six to 
eight times their weight of H2SO4, and a moderate heat applied. 
The evolyed gas must be conducted into cold water until it is 
no longer absorbed. On account of the great tendency which 
this reagent has to absorb more oxygen, and become converted 
into H2SO4, it must be preserved in well-stoppered bottles. 

10. CI, Chlorine gas, is prepared by mixing 18 parts of NaCl 
with 15 parts of finely powdered MnOj ; the mixture is placed 
in a flask and upon it is poured a completely cooled mixture of 
45 parts of concentrated H2SO4, and 21 parts of water, the 
flask is then shaken. A uniform and continuous evolution of 
CI will soon begin, which, when slackening, may be easily in- 
creased again by the application of a gentle heat. A solution 
of the gas may be prepared by passing it into cold water. 
Chlorine water must be kept in well stoppered bottles, and ex- 
cluded from the light ; for if exposed to light it is speedily 
converted into HCl, oxygen being evolved ; when it has lost its 
odour it is unfit for use. 

11. H^SiF^, Hydrojluosilicic acid. This acid is prepared as 
follows : — Take 1 part of sand, wash it and dry it thoroughly, 
mix it with 1 part of calcic fluoride, also dry and place the 
mixture in a flask ; 6 parts of concentrated H2SO4, are then 
added. The mixture must only fill the flask one third as it 
swells up on being warmed ; heat the flask by means of a 
sand-bath \ a gas delivery tube dips into a vessel containing 4 
parts of water and some mercury ; the tube dips beneath the 
surface of the mercury, to prevent the tube from being stopped 
up by the silica which is formed when the silicic fluoride 
(SiF4) comes in contact with water, the following diagrams 
express the chemical changes which ensue : — 

(1) SiOa + 2CaF2 + 2H2SO4 = SiF4 + 2CaS04 + 2H,0 

(2) 3SiF4 + 2H2O = 2H2SiF« -f SiO,. 
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12. HjCjO^ = HjO, Oxalic acid. — DissolTe one part, by 
weight, of the acid, in twenty parts, by measure, of water. 

13. (NH4\C204, Ammonie oxalate, ought to leave no residue 
after ignition on platinum foil, and it ought not to giye a pre- 
cipitate, nor be rendered turbid, by HjS nor by (NH4)2S. 

Diasolye one part, by weight, of the salt, in twenty-four 
parts, by measure, of water. 

14. NH^OyAmmaniay must be colourless, and leave no residue 
upon evaporation to dryness. It ought not, after being diluted 
with three volumes of distiUed water, to give a precipitate on the 
addition of lime water. It ought not, after being acidulated with 
pure HNO3, to give a precipitate with Ba{N03)2 ^^^ ^^^^ 
AgNO^. HjS ought not to impart to it the slightest colour, and 
on the addition to it of a few drops of a solution of ammonio- 
sulphate of copper, a black precipitate ought not to be formed. 

15. NH4CI, Ammonie chloride, — This salt ought to volatilize 
completely when ignited on platinum foil ; the solution ought 
to be neutral to test paper, and it ought to give no precipitate 
nor coloration on the addition of (NK^^, 

Dissolve one part, by weight, of the salt, in eight parts, by 
measure, of water. 

16. (NH^^, Ammonie sulphide, is prepared by passing hy- 
drosulphuric acid through NH4HO, until it does not produce 
a precipitate in a solution of MgS04. It ought not to produce 
a precipitate with a solution of lime, and it ought to leave no 
residue on evaporation to dryness and ignition. 

17. Ammonie carbonate must completely volatilize. Its so- 
lution ought to give no precipitate or coloration with (NH4)2S 
nor with HjS after acidulation with HCl. Its solution, after 
being acidulated with HNO3, ought to produce no precipitate 
with Ba(N03)2 nor with AgNO,. 

Dissolve one part, by weight, of the salt, in four parts, by 
measure, of water, and add one measure of ammonia. 

18. NH4NO3, Ammonie nitrate, is made by neutralizing 
HNO3 with (1^IL^2^0^ The solution is evaporated until 
crystals begin to be deposited, and is then allowed to cool ; 
the crystals are afterwards fused. 

26 
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19. Ammonic arseniate is prepared by neutralizing arsenic 
acid with ammonic carbonate and evaporating to dryness. 

Dissolve one part, bj weight, of the salt, in ten parts, br 
measure, of water. 

Arsenic acid is prepared by dissolving arsenious add in 
HNO3, mixed with a little HCl, evaporating the solution to 
dryness, and igniting somewhat below a low red heat until all 
HNO3 is expelled. 

20. Ammonic molyhdate in nitric acid, — ^Dissolve one part 
of molybdic trioxide in eight parts of strong NH4HO, or one 
part of acid ammonic molybdate in three parts of NH4HO, 
with the aid of heat ; pour the solution into twenty parts of 
HNO3, consisting of equal parts of strong HNO3 and water. 

21. K2SO4, Potassic sulphate, — Becrystallize the K2SO4 of 
commerce ; dissolve one part, by weight, of the puriEed salt 
in 200 parts, by measure, of water. * 

22. KNOg, Potassic nitrite, may be prepared " by heating in a 
flask only half filled with the mixture two parts of starch, io 
pieces, with eight parts of impure HNO3 of 1*4 sp. gr. and 
eight parts of water, and conduct the nitrous fumes* evolved 
first through a large empty flask, then into a flask containing 
a solution of KHO until it is completely saturated. If the 
potassic solution contains silicic acid or alumina, as is mostly 
the case, the saturation point is marked by the separation of 
these impurities. Five parts of solution of KHO of 1*27 
sp. gr. is the quantity required in the process. As soon as the 
action begins, the flame under the evolution flask must be 
temporarily removed, or otherwise the action might become 
too energetic. Evaporate the filtered solution to dryness. 
Dissolve one part of the dry salt to about two parts of water 
when the reagent is required for use." 

23. K4FeCy6, Potassic ferrocyanide (yellow prussiate of 
potash), is prepared on the manufacturing scale by adding 
animal matters, such as horns, feathers, dried blood, leather- 
clippings, &c., mixed with iron filings, to fused KjCO^, lixin- 
ating the fused mass with water, then filtering and crystallising 

• Nitrons anhydride (NjOj) nearly in a state of purity. 



POTASSIC FEBBICYANIDE JlSD 8ULPH0CTANIDB, BTC. 403 

by eraporation. The animal matter contains nitrogen and 
carbon, the latter in larger proportion than is required to form 
cyanogen with the nitrogen ; hence when these substances are 
fused with K^COj^, the excess of carbon reduces the K^CO.^ ; 
the K being set free, unites with the cyanogen formed from 
the N and the remainder of the C producing KCN, which is 
converted into the ferrocyanide by the action of the KCN on 
the Fe when the fused mass is heated with water. 

The commercial K^FeCy^ is sufficiently pure for analytical 
purposes ; dissolve one part by weight, in twelve, by measure 
of water. 

24. KgFegCyjg, Potassicferrici/anide (red prussiate of potash), 
is prepared by the action of oxidizing agents on the ferro- 
cyanide. It is usually prepared by passing washed chlorine 
gas (with constant agitation to ensure uniformity of action) 
through a cold solution of the ferrocyanide until it no longer 
gives a blue but a brown colour with a ferric salt. 

Dissolve one part, by weight, in twelve, by measure, of water ; 
the solution ought to be made as it is wanted, as the ferri- 
cyanide decomposes when in a state of solution, a trace of 
ferrocyanide being formed. 

2o. NH4CyS, Ammonic sulphocyanide ; KCyS, Potas^ic sul- 
phoeyamde, — NH^CyS may be prepared (1) by digesting 
UCy with ammonic polysulphide, prepared by digesting sul- 
phur in (NH4)2S, taking care to keep the latter slightly in 
excess, which is indicated by the yellow colour of the solution, 
then boiling off the excess of the latter, filtering and evapo- 
rating to the crystallizingpoint :— 2CNH + (NR^^S, S2=2NH4 
CvS + HjS. (2) A mixture of 750 parts of NH4HO and 
100 parts of CSj (carbonic disulphide), and 760 parts of 
alcohol, 86 per cent., is distilled down to one half after standing 
for 24 hours, the residual liquid is evaporated to the crystallizing 
point :—4NH4HO + CS^ = NH4CJS + {^U^)^ + 4H2O. 
Potassic sulphocyanide may be prepared by heating to low 
redness in a covered vessel a mixture of 46 parts of dried 
K^FeCy^, 37 parts of S, and 17 parts of pure K2CO3 ; the 
mass after heating is exhausted with water; the watery 
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solution is evaporated to dryness on the water-bath, and the 
residue is exhausted with alcohol, which deposits crystab on 
cooling or evaporation. 

Dissolve 1 part, hj weight, of either salt in 10 parts of 
water. 

26. K^CtOj^, Potassic ehromatey in solution ought not, after 
it has been acidulated with HCl, to give a precipitate with 
BaCJg. 

Dissolve 1 part, by weight, in 8 parts, by measure, of 
water. 

27. KCN = KGy, Fotassic cyanide^ is prepared by mixing 
intimately 8 parts of anhtfdrous potassic ferrocyanide and 3 parts 
of potassic carbonate, and introducing the mixture by small 
portions into a cast-iron crucible previously heated to low 
redness ; after all the materials have been added, the crucible is 
kept in the fire till a sample of the fused mass taken out on a 
glass rod appears white, and exhibits the aspect of porcelain 
on cooling ; the crucible is then removed from the fire and left 
at rest for a moment to allow the iron liberated by the de- 
composition to settle down ; it is then poured out eareftdly, 
to prevent the running out of the minute particles of iron, 
into a clean iron or silver vessel. Thus prepared, it always 
contains a little potassic carbonate and cyanate. The potassic 
carbonate employed must be free from sulphate, as thia would 
be reduced to sulphide by the cyanide. It may also be pre- 
pared by igniting the ferrocyanide alone ; but as one third of 
the cyanogen in this case is resolved into carbon and nitrogen, 
only two thirds is obtained in the form of the salt. 

28. NaHO, Sodic hydrate (caustic soda), is prepared by dis- 
solving 1 part, by weight, of NagCOg, in 9 parts, by measure, 
of water, and boiling the solution in a dean iron pan ; milk 
of lime prepared by adding 1 part of CaO (quicklime) to 3 
parts of boiling water, is then added in small portions to the 
boiling liquid, until HCl causes no effervescence in a portion of 
the clear liquid. When this point has been attained, the pan 
must be removed from the fire, and the precipitate allowed to 
subside. The supernatant liquid must then be drawn off by 
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means of a syphon, or passed through a filter of bleached 
linen, and the filtrate evaporated rapidly over a quick fire until 
it has been reduced to half its original bulk. On super- 
saturating a portion of the liquid with HCl, no, or only a 
slight, eifervescence should take place. H2S must not produce 
a precipitate or coloration in its solution. The solution must 
be evaporated until it has a sp. gr. of from 1*13 to 1*15 ; it 
must be kept in well-stoppered bottles. 

29. NsjCOg, Sodic carbonate, in solution ought not, after it 
has been acidulated with HNO3, to give a precipitate with 
BaCl, nor with AgNOg. 

Dissolve 1 part, by weight, of the salt, in 10 parts, by 
measure, of water. 

30. !Na2HP04, Disodic hydric phosphate, must form no preci- 
pitate with ammonia. 

Dissolve 1 part, by weight, of the salt, in 10 parts, by 
measure, of water. 

31. NaCjHgOj, Sodic acetate, is made by adding acetic acid 
to a concentrated solution of NsgCOg until all effervescence 
ceases. This solution must be free from sulphates. 

Dilute 1 part of the concentrated solution with 4 parts of 
water. 

32. NaHSOg, Sodie hydric sulphite, — Pass SOg, prepared as 
directed at 9, page 400, through a bottle containing a small 
quantity of water, then into a flask containing a solution of 
NajCOg (prepared by dissolving 7 parts of the pure crystallized 
carbonate in from 20 to 30 parts of water) until CO2 ceases to 
be evolved. The solution must be kept in a well-stoppered 
bottle, as it has a great tendency to absorb oxygen, and pass 
from sulphite to sulphate. 

33. '^9k^fij(^^0\Q, Borax, is employed in blowpipe ana- 
lysis. It should be heated below the fusing point to drive ofiT 
its water of crystallization, and then powdered. 

34. Sodic and Fotassic carbonate, — Equal parts of these two 
carbonates in the anhydrous state must be mixed together. 
They must not contain any sulphate. 

35. N'aNH4HP04, Sodic amnionic hydric phosphate (mi- 
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crocosmic Bait). — ^This salt, which is found in human urine 
after putrefaction, and in guano from Ichaboe, maj be 
prepared artificially in several ways; the following is a 
very convenient method : — 6 or 7 parts of crystallized disodic 
hydric phosphate (NajHPOJ and 1 part of NH^Cl are dis- 
solved in 2 parts of boiling water, the Na]S'H4HP04 crje- 
tallizes out as the solution cools, the NaCl remaining iu 
solution ; the phosphate may be freed from NaCl by recrystal- 
lization from a small quantity of boiling water containing a 
little NH4HO. 

36. K^H^SbjO^, Dihydric dipoiassio metantimoniafe, may be 
prepared by projecting a mixture of equal parts of powdered 
tartar emetic and potassic nitrate in small portions at a time 
into a red-hot crucible. After the mass is deflagrated keep it 
at a moderate heat for a quarter of an hour longer, then 
remove it from the fire, and when sufficiently cold treat it with 
warm water; transfer the mixture to a suitable vessel, and 
decant the clear fluid from the heavy powder and concentrate 
it. After one or two days a doughy mass will separate from 
the liquid ; treat this mass with- three times its volume of cold 
water, working it at the same time with a spatula. Tbi>< 
operation will servo to convert it into a fine granular powder, 
to which add the powder from which the fluid was decanted, 
wash slightly, and dry on blotting-paper. Prepare the solution 
only immediately before it is required for use, by shaking the 
salt with cold water, and filtering off the fiuid from the undi^ 
solved portion ; it must be clear, and of neutral reaction ; it 
must give no precipitate with solution of KCl, or with one 
of NH4CI, but must produce a crystalline precipitate with one 
of NaCl. 

37. BaClj, Baric chloride. — A solution of this salt must be 
neutral to test-paper ; after precipitation by H2SO4, the filtrate 
ought not to leave the slightest residue when evaporated on 
platinum foil. Its solution ought not to give a precipitate or 
be coloured by the addition of HgS or by {NH4)2S. 

Dissolve 1 part of the salt in 10 of water. 

38. Ba(N03).^, Baric nitrate, — ^A solution of this salt must 
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not be rendered turbid by AgNO,^ ; for other impurities, test 
as directed in BaCI,. 

Dissolye 1 part of the salt in 10 parts of water. 

39. Idmo water is made by digesting recently prepared 
CaH202 for some time with cold distilled water, with frequent 
agitation of the mixture ; allow the undissolved portion of the 
lime to subside, decant subsequently, and keep the clear fluid 
in well-^stoppered bottles. 

40. CaCLj, Calcic chloride, is made by dissolving pure CaCO^ 
in dilate HCl ; the solution thus obtained must be neutral to 
test-paper, and it must not form a precipitate, nor be coloured 
by (NH4)2S. 

41. CaS04, 2H2O Oalcio sulphate (gypsum). — Dissolve as 
much of the salt as the water will take up. 

42. MgS04, 7^2^> Magnesic sulphate (Epsom salts) .-^Dis- 
solve 1 part in 8 of water. 

43. BaCOg, Bario carbonate, may be prepared by dissolving 
BaC]2 in hot water, and precipitating by (NH4)2C03 and 
NH4HO ; the precipitate must be washed until the last wash- 
ing gives no turbidness with AgNOg. Stir the precipitate with 
water to the consistence of cream, and keep the mixture in a 
stoppered bottle ; shake the mixture before using it. 

• 44. PeS04, 7H2O, Ferrous sulphate, — The purified commer- 
cial salt is sufficiently pure ; it is principally employed for the 
detection of nitric acid. 

Dilute 1 part of the concentrated solution with 3 parts of 
water. 

45. PcgClg, Ferric chloride, is prepared by dissolving recently 
precipitated and well- washed EegH^Og in pure HCl; the ferric 
hydrate must be kept during the solution slightly in excess, as 
the ferric chloride must contain no free acid ; it is after- 
wards diluted with an equal volume of water and filtered. 

46. Pb(C2Hg02)2> Flumbie acetate. — ^The best commercial 
acetate is sufficiently pure to be used as a reagent ; dissolve 1 
part, by weight, of the salt, in 10 parts, by measure, of 
water. 

47. HgNOs, Mercttrous nitrate, is made by gently heating in 
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a small flask 9 parts of HNO,, in conjanction with 10 parts of 
Hg, until the disengagement of nitrous fumes ceases ; the solu- 
tion is then boiled for some time with the undissolved portion 
of the Hg, care being taken to replace the water lost bj evapo- 
ration. The crystals, which separate on the cooling of the 
liquid, are dissolved in 20 parts of cold water, slightly aci- 
dulated with HNO3. The fluid is then filtered ifneoessarj, 
and the filtrate kept in a glass bottle, the bottom of which is 
covered with mercury. 

48. HgClj, Mercuric chloride, — Dissolve 1 part of the salt in 
16 parts of water. 

49. CuSO^, 5H2O, Cupric sulphate. — The commercial salt is 
purified by two or three crystallizations ; dissolve 1 part, by 
weight, of the purified crystals, in 10 parts, by measure, of 
water. 

50. Ammoniosulphaie of copper is prepared by adding 
NH4HO, drop by drop, to a not too concentrated solution of 
CUSO4, until the precipitate at first produced is nearly redis- 
solved ; the clear solution to be employed. 

51. AgN03, Argentic nitrate, is prepared by dissolving pure 
Ag in pure HNO3 diluted with an equal bulk of water, evapo- 
rating the solution to dryness and gently fusing the residue ; if 
pure, its solution will, after addition of HGl in excess and filter- 
ing, leave no fixed residue. Dissolve 1 part, by weight, of 
the salt, in 20 parts, by measure, of water.* 

62. Ammonio-nitrate of silver is prepared by adding 
NH4HO, drop by drop, to a solution of AgNO^, until the 
precipitate at first formed is nearly redissolved; the dear 
solution to be employed. 

63. Co(NOjj)2, Ooldltie nitrate, — This salt can be pur- 
chased fit for use ; dissolve 1 part, by weight, in 10 parts, by 
measure, of water. 

54. PtCl4, Flatinic chloride, — Purify platinum scraps by boil- 
ing them in HNO3 ; when purified treat with concentrated HCl, 
and some HNO3, in a narrow-necked flask and apply heat, add 
occasionally HNO3 until the Ft is dissolved. Evaporate the 

* See Appendix A, page 418. 
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solution on the water-bath, to dryness, adding during the eya- 
poration HCl, dissolve the residue in 10 parts of water. Dry 
PtCJ4, if pure, dissolves completely in spirits of wine.* 

55. AuClg, Auric chloride, — ^If the gold is perfectly pure it 
has simply to be dissolved in aqua regia, and evaporated to 
dryness over the water-bath, and the residue redissolved in 
water. If it contains silver, filter off from the insoluble AgCl, 
which will remain on treating the residue with water. If it 
contains copper, which may be ascertained by diluting a portion 
of the add solution, and adding to it K^FegCy^j' °^^ ^^ ^^^ ^ 
solution of PeS04 in excess ; collect the metallic gold, wash it, 
and then redissolve in aqua regia, and evaporate as before.f 

56. SnClg, Stdnnaus chhride. — Boil granulated tin in con- 
centrated HCl in a flask, keeping the tin always in excess 
until H ceases to be evolved, then dilute the solution with four 
times its volume of water containing a little HGl, and filter. 
Keep the filtrate in a well-stoppered bottle containing some 
fragments of tin. 

57. PbOj, Flumbic peroxide^ may be prepared by digesting 
in boiling HNO3, diluted with four or five times its bulk of 
water, red lead in fine powder; the residue is washed with a 
fresh quantity of the dilute HNO3, and then with water until 
everything soluble is removed. 

58. Copper turnings are employed for the detection of nitric 

acid. 

59. Zinc must be perfectly free from arsenic. Test for this 
impurity as directed at par. 262. 

60. Nessler's test. — *' This reagent is an aqueous solution of 
potassic iodide, saturated with mercuric iodide, and rendered 
powerfully alkaline with soda or potash. It is prepared by 
dissolving 50 grammes of KI in a small quantity of hot dis- 
tilled water. The vessel containing this solution is placed on 
the water-bath, and to it is added a strong solution of HgCl2» 
which will cause a red precipitate (Hglj), that disappears on 
shaking the mixture. The HgClj solution is carefully added, 

* See Appendix B, page 414. 
t See Appendix C, page 415. 
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the liquid being at the same time shaken, so as to dissolve 
the precipitate as fast as it is formed ; the addition of the 
HgClg solution is continued until the precipitate ceases to be 
dissolved. When this poiut is reached no more HgClj must 
be added. The mixture is then filtered, and to the filtrate is 
added 150 grammes of solid NaHO in strong aqueous soltttion 
(or about 200 grammes of solid KHO dissolved in water). 
Afber the addition of the alkali solution, the liquid is diluted 
so as to make its volume equal to one litre. Add to the di- 
luted liquid about 5 cub. cent, of a saturated aqueous solution 
of HgCl2 ; allow to subside, and decant the clear liquid. 

** As exposure to the air is apt to render this reagent some- 
what turbid, it is advisable to keep the stock of the reagent 
in a large bottle, which should only be opened to supplj a 
small bottle kept to hold that which is in immediate use. The 
addition of the 5 c. c. of solution ngOl2 has two objects ; it 
causes the reagent to clear rapidly, and imparts sensitivenen 
to the reagent when deficient in that quality." (Wankljm 
and Chapman on 'Water Analysis.') 

61. Solution of indigo. — "Take from 4 to 6 parts of fuming 
H2SO4, add slowly and in small portions at a time 1 part of 
finely pulverized indigo, taking care to keep the mixture well 
stirred. The acid has at first imparted to it a brownish tint 
by the matter which the indigo contains in admixture, but it 
subsequently turns blue. Elevation of temperature to any 
considerable extent must be avoided, as part of the indigo blue 
is thereby destroyed ; it is therefore advisable, when dissolving 
larger quantities of the substance, to place the vessel in cold 
water. When the whole of the indigo has been added to the 
acid, cover the vessel, let it stand forty -eight hours, then pour 
its contents into twenty times the quantity of water, mii« 
filter, and keep the filtrate for use." 

62. Distilled water ought always to be employed in all the 
above solutions and in all analytical operations. It should 
leave no residue on evaporation, and should give no precipitate, 
or even turbidity, with BaClj, AgNOg, (NIl4)2C204, or lime 
water. 
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63. Reagent papers. — Blue litmus paper Berves to detect the 
presence of free acids or of acid salts in fluids, since thej 
change the blue colour to red. Beddened litmus paper serves 
to detect the presence of free alkalies, and of earths and salts 
possessing an alkaline reaction, bj changing the red colour to 
blue. Turmeric paper aids, like reddened litmus paper, in 
the detection of free alkalies, &c., bj changing its yellow 
colour to brown. 

JPreparation of blue litmus paper. — "Digest 1 part of litmus 
of commerce with 6 parts of water, and filter the solution ; 
divide the intensely blue filtrate into 2 equal parts ; saturate 
the free alkali in the one part, by repeatedly stirring with a 
glass rod dipped in very dilute H2SO4, until the colour of the 
fluid just appears red; add now the other part of the blue 
filtrate, pour the whole fluid into a dish, and draw strips of 
fine, unsized paper through it; suspend these strips over 
threads, and leave them to dry. The colour of litmus paper 
must be perfectly uniform, and neither too light nor too 
dark." 

Preparation of reddened litmus paper. — " Stir blue solution 
of litmus with a glass rod dipped in dilute H2SO4, and repeat 
this process until the fluid has just turned distinctly red. 
Steep slips of paper in the solution, and dry them as directed 
in the preceding paragraph. The dried slips must look dis- 
tinctly red." 

Yacher prepares a paper of neutral tint thus: — ^Digest 
20 grm. litmus with 100 c. c. water for some days, shaking 
occasionally, then filter. To the filtrate add slight excess of 
HNO3 and boil; then neutralize exactly with KHO. Now 
make a weak solution of gelatine by boiling 1 part of isinglass 
with 50 parts of water; draw white blotting-paper through 
this, and hang it up to dry. When dry, paint one side with 
the above solution. 

Preparation of turmeric paper, — Digest and heat 1 part 
of bruised turmeric root with 6 parts of weak spirit of wine, 
filter the tincture obtained, and steep slips of fine paper in the 
filtrate. The dried slips must exhibit a fine yellow tint. 
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SchonhetTi's teaUpapers for hydrocyanic add, — ^Three parte 
of resin of guaiacum are dissolved in 100 parts of recti- 
fied spirit ; white filtering paper is steeped in this solution 
and dried. The paper should remain white. The solution of 
cupric sulphate, with which these papers are to be moistened 
just before being used, is prepared b7 dissolving one part of 
cupric sulphate in 500 parts of water. 

BraziUwood paper is prepared, by moistening slips of fine 
writing paper with decoction of Brazil wood. 
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1179. The processes employed in qualitative analysis are ex- 
ceedingly simple, and do not require much apparatus for their 
execution. The small amount actually requisite is described 
in the following list, and may be procured in the shops of 
operative chemists. 

1^ dozen test tubes. Small retort stand. 

Test-tube stand. 3 small glass funnels. 

2 small evaporating dishes. 2 porcelain crucibles. 

Washing bottle. \ lb. glass tubing. 

Spirit lamp. \ lb. glass rod. 

2 watch-glasses. Small mortar and pestle. 

Bat-tail and triangular file. 1 quire filtering paper. 

Platinum wire and foil. Crucible tongs. 

Sulphuretted hydrogen ap- Black's blowpipe, 
paratus. Tube cleaner. 

A number of best corks. Small german beakers. 

A few lengths of small vul- Litmus paper, blue and red. 
canized tubing. Turmeric paper. 
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Appekdix a. Tbeatment of Siltee Eesidues. — Waste so- 
lutions containing silver must not be poured into the sink, but 
into a bottle containing some commercial hydrochloric acid; 
when a quantity of the precipitated AgCl has collected sufficient, 
in the opinion of the experimentalist, for reduction, it may be 
thrown upon a filter, washed thoroughly with hot water and 
afterwards dried ; when dry it must be detached from the 
filter, and the filter must then be burnt until all the carbona- 
ceous matter of the filter is destroyed ; the filter ash along 
with the silver it may contain may be added to the silver salt 
or placed in the silver residue bottle. The silver may be ob- 
tained from the dried AgCl by one or other of the following 
processes : — (1) Mix it with twice its weight of reagent 34 
(page 405), and then introduce the mixture into a Cornish clay 
crucible, which it ought only to half fill, and afterwards place 
the crucible in a furnace and raise the heat gradually until 
the mixture becomes fluid, keep it in that state for about five 
minutes, and then remove the crucible from the furnace, tap 
it slightly on the bottom two or three times so as to cause all 
the particles of silver to collect together in a mass, and then 
allow it to cool ; when cold, the crucible is broken and the 
silver, which has collected in the form of a button if the ope- 
ration has been well performed, is removed and freed by wash- 
ing from any adhering particles of the alkaline salts. This 
process succeeds with experienced chemists, but often fails with 
beginners, for the heat must be gradually applied and the 
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crucible not more than half full, otherwise the effervedcence 
caused by the evolution of COj and O maj cause a loss of the 
substance ; and the heat fiually must be high enough, otherwise 
the silver remains disseminated through the mass of the alka- 
line salts ; and yet it must not be too high, otherwise the cru- 
cible is corroded and the silver flows into the fire. In order 
to obviate these disadvantages, the late Professor Gregory 
recommended the undried AgCl to be boiled with a very 
strong solution of caustic potash, till it is entirely or in great 
part converted into black oxide of silver ; this is then collected, 
washed thoroughly, then dried, and, finally, fused with a little 
potassic carbonate and borax, which yields a button of silver 
without any risk. If all the AgCl was converted into Ag^O 
by boiling with KHO, simple ignition would be sufficient to 
obtain the silver in the metallic state. (2) Boil 6 parts of 
silver chloride for half an hour with 9 parts of a solution of 
caustic soda of 1*333 sp. gr., 1^ parts of clarified honey, and 
8 parts of water ; when the heat is withdrawn let the finely 
divided silver collect at the bottom of the vessel, and then 
pour off the liquid and wash the silver thoroughly by decanta- 
tion. (3) The AgCl is placed in contact with iron or zinc 
and water, to which, in order to accelerate the action, a small 
quantity of HCl or HjSO^ may be added ; the reduced silver 
must be quickly washed first with acidulated and afterwards 
with hot pure water, and then fused with borax and nitre. Con- 
vert the metallic silver obtained by any of these different pro- 
cesses into nitrate as directed at 51, (page 408). 

Appendix B. Treatment of Platinum Essidues. — Pla- 
tinum residues are collected in a bottle, and when a sufficient 
quantity has collected the mixture, the liquid and precipitate, 
is evaporated to dryness in a porcelain dish, and ignited so as to 
decompose the platinic salts, and the residue washed to remove 
the soluble matter ; a small quantity of oxalic acid in solution 
is then added to it, and the mixture is again evaporated and 
ignited so as to decompose any PtCl4, 2KC1, which may have 
escaped decompoi^ition on the first ignition ; the ignited mass 
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is again thoroughly washed with hot water, it must then be 
boiled in dilute HCl and the insoluble portion again washed 
thoroughly with hot water ; it is then converted into PtCl^ as 
directed at 54 (page 408). If the dry PtCl4 does not dissolve 
completely in spirits of wine it must be redissolved in water, 
and a saturated solution of NII4CI added to it, the precipi- 
tated PtCl^, 2NII4CI must be collected upon a filter, washed 
first with a little water, and, finally, with methylated spirit and 
ignited ; the spongy platinum thus obtained must be converted 
into PtCl4 as directed at 54 (page 408). 

Appendix C. Teeatment op Gold Besidues. — Gold re- 
sidues are collected in a bottle, and when a sufficient quantity 
has collected the mixture is evaporated to dryness and ignited. 
The ignited mass is washed, thoroughly with hot water, and 
the insoluble matter is dissolved in aqua regia ; evaporate to 
dryness over the water-bath ; redissolve the residue in water . 
mix it with an excess of saturated solution of oxalic acid and 
boil for some time ; finally, free by washing the spongy mass 
of gold from foreign matter, and then convert it into AuClg, as 
directed at 55 (page 409). 
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THE SECONB STEP IN CHEMISTBT ; 

OB, 

THE STUDENT'S GUIDE TO THE HIGHER BRANCHES OF 

THE SCIENCE. 

Hlastrated with nnmerons EngravingB on Wood« Cloth, IO9, 

''At the meeting of the CavendlBh Society, Professor Graham, the 
President of the Society, said that he considered its mission nearly fhlfilled. 
When the pnhlication of Gmelin's ' Chemistry ' was completed, the Society 
wonld have accomplished all that conld he expected of it. Societies like 
the Cavendish, in the present day, oonld not he expected to compete with 
private enterprise, which now engaged in pnhlications snch as would not 
have heen undertaken at the time the Society was commenced. As an 
illustration, he might mention GKUloway's ' Second Step in Chemistry,' a 
work comparable to the volume of memoirs published by the Society, and 
which would not have been undertaken by a private publisher sixteen 
years ago. The Society had, in fact, been superseded by the press, and was 
no bnger called for." — Chemical News. 

** The success which attended Mr. Galloway's former works has led him to 
this ' Second Step,' which is indeed a great advance upon its precursors. 
It is intended to teach the higher branches of the science, especially those 
newer views, which are now being very geueraUy adopted. We do not 
know another work in which will be found so clear an exposition of the 
hypotheses of Brodie, Gibbs, and Odling on molecular constitution. The 
numerical relations of equivalent numbers and the binary theory of salts 
are carefully explained. The chapter in which our author deals with the 
involved but interesting subject of pseudo-morphism and the curious 
behaviour of crystalline bodies under varying conditions, is an especially 
satisfactory one. Mr. Galloway deals largely with the vexed questions of 
the constitution of compound bodies, and examines all the views deserving 
of notice which have been promulgated by modem chemists. The laws of 
diffusion, of dialysis, and of osmose — which have been so elaborately 
worked out by the Master of the Mint (Prof. Ghraham) — are carefully 
expl^ned, and the beautiful and fertile field of inquiry which has been 
opened out by Miller, KirchoflT, Bunsen and others — ^through the agency of 
spectrum analysis — is well described. The student who desires to make 



the step from the mere mechanicB of chemistry to its higher phUosophies, 
will do well to study this volame with close attention." — 7^e Aikmumm. 

** This work is intended to teach the higher branches of chemical science, 
especially the newer views which are now being very generally adopted, 
and will be found a most efficient manual for the purpose. To criticiae the 
matter of the book is impossible, since it woald involve a criticism on all 
the views on the constitution of bodies which have been put forward by 
Qriffin, Gerhardt, Williamson, Wurtz, Playfkir, Frankland, Kolbe, and 
others. The arrangement of the matter deserves great praise. Mr. 
Galloway is a practised teacher of chemistry, and he states firom experience 
that the difficult subjects of which the book treats can be taught with per- 
fect success on the plan here developed. We have no doubt of this, and 
firmly believe that the student who goes conscientiously through the book, 
performing all the exercises which are given, will find himself, when he gets 
to the end, an accomplished theoretical chemist. 

"Practical points, however, are not altogether neglected; and much 
usefiil information will be found, particularly on fractional distillations, and 
the method of determining the boiling-points of liquids, ^kc 

*' Mr.' Galloway has supplied a want which we know has long been felt by 
the constant inquiries we have had for a work treating of recent theories, 
and we have great pleasure in recommending the book to our readers." — 
Cfkemical Newi, 

** This book is intended for the use of the student of chemistry after he 
has become sufficiently acquainted with the elementary matters treated of 
by Mr. Galloway in his * First Step in Chemistry.' In it are placed before 
the learner the chief theories and discoveries having a general bearing on 
chemistry, that have of late been attracting attention in the chemical 
world. • • • • Without attempting to give any further analysis of 
this work or any of its chapters, we will only say that the chemical stu- 
dent will find in it as complete an acoount as he can possibly require of all 
the suljects of which a list has been given abov& The book is, it will of 
course be understood, not intended as a complete g^ide in the operations 
of the laboratory ; this duty is left to be performed by such works as those 
of Fresenius, or Mr. Chdloway's own ' Manual of Qualitative Analysis ;' but, 
while the author has necessarily introduced a certain amount of instroction 
as to the preparation or analysis of varioos compounds^ his main purpose is 
to place before the more advanced student the abstract principles of 

modem chemical science To increase the utility of this work 

to the teacher and to the student, Mr. Galloway has in his * First Step' 
introduced a large number of exereiset, which, he believes (and in onr 
opinion rightiy), will facilitate the understanding of the sobjects. .... 
To those of our readers who have the inclination and opportunity to 
become acquainted with the principal views of modem chemical philoeophy 
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Mr. Galloway's ' Second Step in Chemistry/ containing, as it does, a fall and 
impartial exposition of the yarions doctrines and discoveries, will be a 
most valuable g:nide." — Britiih Medical Journal, 

" Mr. Galloway has already on two several occasions earned the thanks of 
both teachers and stndents by his ' First Step ' and his ' Manual of Quali- 
tative Analysis/ In the former of these works he has expressed and 
carried out his opinion that chemistry, to be tanght snooessfally, mnst be 
taught like arithmetic. How correct this theory is has been well shown 
by the success of the work itself, now the pioneer of the sdence in many edu- 
cational establishments throughout the kingdom. It is on a precisely simi- 
lar plan that the book ander consideration has been constructed. In it the 
object of the author has been to lead the student from the simpler facts and 
theories of the science to its more advanced and more complex developments, 
and to explain those views of modem chemists which are day by day becom- 
ing more generally adopted Having thus given a very incomplete 

sketch of the general plan of the work, it remains for us to notice some 
points of peculiar excellence^n its construction, and some in which it differs 
entirely, or rather which separate it entirely in character, from all other 
manuals of the science. Firstly, as regards the exercises which, at the 
conclusion of each chapter, the student is required to perform. This 
system of exercises is one of the most important features of Mr. ChiUoway's 
plan, and is mainly that by which he assimilates his method of teaching to 

that employed in teaching arithmetic These exercises on 

organic chemistry are perfectly new, and we believe we are correct in 
stating that this branch of the science has never before been attempted to 
be taught on such a system. Of the certainty of its success we can have no 
doubt. 

" Mr. Galloway has also in this book supplied a want which even the 
most advanced students of the science frequently find occasion to deplore. 
We allude to the absence even in the most systematic treatises, of any 
attempt on the part of the author to present to his readers even an out- 
line of the train of reasoning which has led to the adoption of particular 
views. In the work imder consideration, on the contrary, we have laid 
before us all the arguments for and against the adoption of each theory, 
and we need scarcely say how much this is likely to contribute to a clear 
comprehension of the theory itself. As admirable examples of the feature 
to which we refer we would cite the chapter on the History and Progress 
of the New System of Classification, that on the Polyammonias,. and 
the paragraph on Biatomic Organic Acids, page 855, et seq* 

" A most fiattering tribute was the other day parenthetically paid to 
both the author and [publisher of this manuaL At the anniversary 
meeting of the Cavendish Society Professor Graham, its president, who 
occupied the chur, said that he considered the mission of the Society 



nearly falfillecL Societies like the Cayendxih could now no longer oom<- 
pete with private enterpnae. Profeaaor Clraham mentioned in illnatration 
Galloway's ' Second Step in Chemistry/ ' a work comparable to the volnme 
of memoirs published by the Society, and which would not have been un- 
dertaken by a private publisher sixteen years ago.' Mr. Churchill at 
least must feel g^ratified by the official announcement that he has in this 
work afforded evidence that * the Society had, in fiict, been superseded by 
the press, and was no longer called for.' Mr. Ghilloway, we would say in 
conclusion, deserves, and will doubtless obtain, the thanks, not only of 
every student of the more advanced branches of chemistry, but of every 
chemist who desires to see his science taught as something more than 
either a mere ill-arrang^ collection of heterogeneous facts^ or as a tassne 
of mysticism and idle speculation. He has already established a claim 
to be considered a lucid teacher of its simple priudples ; he will now, as 
this book wins its way to the centres of scientific education, be recognised 
as one of the ablest exponents of its higher truths." — Dublin Medical 
Freis, 

** The author has spared himself no amount of labour in bringing out 
this < Second Step ;' and it may with safety be averred that the result 
reflects equal credit on hiin as a thoroughly well-read chenust and an able 
exponent of the subject which he professes to teach. This text-book may 
be said to embody everything that is at present known regarding philo- 
sophic chemistry ; and while it contains all that concerns the theoretical 
branches of the science, it is also adapted for employment as a book of re- 
ference by those pursuing a series of practical organic investigations. The 
views of all the modem English and Continental chemists find a place in 
Mr. Galloway's manual, so that the student is not treated to an author's 
hobby, but has the option of selecting those opinions which appear to be 
supported by the greatest weight of evidence. The laws regulating the 
constitution of bodies are concisely stated; their history and prog^ressive 
development being described at some length, the writer beginning with 
the discoveries of Clarke and Ghnffin, and terminating with those of Ger- 
hardt, Laurent, 'Williamson, Frankland, Kolbe, and others. Exercises to 
be worked out by the reader are scattered through the text, and the ap- 
pendix contains a useful list of questions given by various examining 
boards. We trust Mr. Galloway's hand-book may meet with the encou- 
ragement it deserves ; it commends itself to every serious student of* 
chemistry." — Popular Science Review, 

** This is a book with a thousand virtues and only one fault. Judge of 
our surprise when, wishing to refer to certain pet subjects as tests of its 
excellence, we found that there was actually no 'Index.' No second 
edition — and we have every reason to feel sure that there will be a neces- 
sity for one very soon — should be allowed to appear without this very ne- 



ceBsary adjunct to a standard scientific work. Haring now made a clean 
breast of the matter and sud ali we are compelled to say in its dispraise, 
we commence the more pleasing task of giving our readers a notion of the 
Tarioos excellencies of Plrofessor Galloway's production. First of all, it 
supplies the g^reat chemical want of the present day, and forms a stepping- 
stone between the old and new schools of chemical philosophy. The adhe- 
rents to the new school are constantly advising their conservatire friends 
to join them, but the answer of the latter is always to the effect that 
there is no work in the English language which would gire them a history 
of the steps by which the new theories had been arriyed at. It is, there- 
fore, with the greatest delight that we hail the appearance of Professor 
Galloway's ' Second Step,' giving as it does a complete history of the rise 
and progress of the unitary system. The labour gone throagh must have 
been enormous, for Mr. Galloway appears to hare ransacked the scientific 
publications of every country for the last thirty years for every paper that 
could in any way bear on the subject. 

" We look on the appearance of this book as an important step in ad- 
vance — the most important that has been made since the issue of the first 
part of Odling's Manual, and one which will do much to spread the truths 
of the unitary system. A short time since, when we gave our readers an 
account of Dr. Apjohn's ' Manual of the Metalloids,' in which we regretted 
that the learned doctor had not thought proper to adopt the new system, 
we had no idea that we should so soon have the satisfaction of seeing a 
work like the present from the hands of another Dublin professor. . . 

. . . We congratulate the former institution (Museum of Irish In- 
dustiy) on producing so necessary and excellent an addition to our standard 
scientific literature. We cordially recommend the 'Second Step' to all 
our readers — to the followers of the old school, in order that they may 
understand the new theories, even if they should be too conservative to 
adopt them ; and to students, that they may commence the acquisition of 
chemical knowledge by the best text-book of the new system, which must 
eventually supersede the old one." — The Chemist and Druggist, 

** In all this a direct appeal is made to the exercise on his own part of the 
student's reasoning powers, and at the^ same time he has afforded him an 
amount of assistance not incompatible with a healthy development of his 
intellectual faculties. We need scarcely add that we most heartily wish 
Mr. Galloway's valuable and masterly treatise all the success it so honestly 
deserves." — Dublin (Quarterly Journal of Medical Sdenee* 
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THE FIRST STEP IN CHEMISTRY. 

A NEW METHOD FOR TEACHING THE ELEMENTS OF THE 

SCIENCE. 

Fonrth Edition, Illustrated with Engravings on Wood ; foolscap 

Syo, cloth, 6ff. 6d, 

** Beginners in the study of chemistry are much indehted to Mr. 
Galloway, for the g^eat pains he has taken in the book before us ('Manual 
of Qualitative Analysis'), and in his ' First Step in Chemistiy,' to remove 
from the path of the student the many difficulties and obstacles which 
hinder his early progress. These difficulties, so puzxUng and discou- 
raging to the pupil, are too often forgotten or neglected by the compilers 
of such text-books; but our author has evidently devoted considerable and 
especial attention to them, and we think he has been successful in most 
materially facilitating the acquisition of sound knowledge in the first stages 
of chemical study." — Philosophical Magazine. 

" We spoke favorably of Mr. Galloway's work on ' Qualitative Analysis,' 
and we are no less pleased with his ' First Step.' ** — AthetuBum, . 

" Nobody, we presume, who desired to learn a foreign language would 
begin with the hopeless task of committing to memory the pages of a dic- 
tionary. But this is precisely the course which students were obliged to 
take in chemistry previous to the appearance of Professor Galloway's text- 
books in that science. Mr. Galloway's ' First Step' is a Grammar and 
Exercise Book combined. It does for the learner in chemistry just what 
such a book as Smith's ' Principia Latina' does for him in Latin, or what 
Euclid did for the school-boys of two thousand years ago in geometry. 
Examine any one of the thousand and one Elements of Chemistry, Manuals 
of Chembtry, &c., which pour in such profusion from the press, and yon 
will find that they are all constructed on the dictionary principle. They 
are books of reference. The elements are classified and enumerated, and 
the properties of each, in its various combinations, more or less copiously 
enumerated. A text-book of this sort has its utility, but the utility is not 
for a beginner. The book serves as a book of reference for those who have 
already acquired a moderate knowledge of the subject, and who have 
occasion to revive or to extend that knowledge from time to time. In 
departing from this beaten track and in recognising that chemistry can be 
taught only by the same methods which have been successful in aU the 
other branches of learning, Mr. Galloway has rendered a most important 
service to the rising generation, and has brought within the bounds of 



possibility that which has hitherto appeared uearly hopeless, the intro* 
daction of chemistry into the curricula of school and college education." — 
Irith Times, 

"We have thus glanced at the principal features of Mr. Galloway's 
system of instruction, and although, as the book has now reached a third 
edition, it is pretty extensively known, we hare done so» because we believe 
that the principles of such a system cannot be too widely diffused, and that, 
if universally employed, not only would the beginner be spared much 
disappointment, but many more really practical chemists would be given 
to science. We have marked several portions of Mr. Galloway's book, 
the peculiar merits of which, did space permit, we should notice at length, 
bat we think that our readers will, from the above return^, get an idea of 
its general plan, and for its details we refer them to the book itself. We 
cannot, however, conclude this notice without reference to the chapter on 
the atomic theory, and that on isomerism, as examples of that clearness of 
explanation which is pre-eminently the characteristic of the whole 
work. Of the manner in which a subject may be treated, so as to 
combine interesting reading with sound instruction in confessedly diffi- 
cult subjects, the sections on light and electricity may be cited as 
illustrations. 

** In conclusion, we confidently recommend this little book to all who 
seek an introduction to chemistry, as a book which will, if properly studied, 
leave them in an infinitely better position than yeai*8 of attendance upon 
lectures on the science, and with a practical knowledge of all its funda* 
mental truths." — J>ublin Medical JPreas. 

" We heartily commend this unpretending work to the heads of scho* 
lastic establishments, and to others who are anxious to initiate their pupils 
into the principles of a most fascinating and most usefal branch of human 
knowledge." — London Journal of Medicine, 

** The author of this manual complains, and with some justice, that the 
elementary works on the science of chemistry do not begin at the beginning, 
and, consequently, do not follow up the various stages in their natural and 
proper order. ChemiBtry should be taught as arithmetic. .... This is 
the plan pursued by Mr. Galloway, and the arrangement of the subject is 
one of the distinctive features of his book. But besides this, he lays g^eat 
stress on instruction in working examples ; to lay down rules simply would 
ntterly fail as a method of teaching chemistry, just as much as it would 
fail in arithmetic. The exercises in this book are most abundant, and con- 
stitute its second recommendation. On the whole, we think it a very ex- 
cellent work, and we recommend it to the notice of our readers." — JEnglish 
Journal of Education, 

<• This method of Instruction seems likely to meet with considerable snc« 
cess in schools and other establishments, where a study of chemistry is not 
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a cliief branch of education, but mnst take its place by the side of Latin 
and Greek ; and, as sncb, it gives us pleasure in being able to cordiaJl j 
recommend this useful little book." — Chemical News. 

''We have seldom had an opportunity of witnessing so large an amount 
of valuable information compressed in so small a space ; and to the young 
student in chemistry, as well as the more matured one, we have no hesita. 
tion in strongly recommending the result of Mr. Galloway's labours." — 
Morning Herald. 

" The plan of teaching adopted by Mr. Galloway differs very considerably 
from the plans hitherto laid down ; and the fact of a second edition of the 
work having been called for is a proof that Mr. Galloway's system ia highly 

appreciated by the public For interest and perspicuity, this ia the 

most complete elementary treatise on chemistry which has yet appeared; 
and we can confidently recommend its study to all those who wish to 
become acquainted with that valuable science."— Jfamta^ Chronicle. 

" Enough has been said to show the scope and design of Mr. Galloway's 
* First Step in Chemistry.' We recommend it to every beginner in the 
study of that science, as better fitted to smooth his first difficult!^ than 
any other work with which we are acquainted." — Morning Post. 

' We have been waiting with interest the promised new edition (4th) of 
Professor Galloway's ' First Step in Chemistry,' and are pleased to 
announce that it has just appeared, re-written, greatly enlarged, and much 
improved. We remember the first edition of this book, very thin and un- 
pretending, but very practical and easy to understand ; introducing 
students and young people to an accurate knowledge of the iUph4Mbet of a 
fascinating science, and leading them on by easy gradations until they 
could spell out for themselves some of its most important lessons. Then 
came the second edition, thicker and more complete, then a third stiU 
thicker ; and now, after being out of print for many months, we welcome 
the fourth, which has become quite a thick little manual of 470 pages 
small 8vo, and contains the new nomenclature, besides many other additions 
— the result of the author's experience in teaching. Whenever we are 
asked to recommend a book on chemistry to a beginner, we never fail to 
mention Galloway's * First Step,' and if this science is to be taught in schools 
this is the manual which the pupils should adopt as their g^ide. We have 
known rapid progress made by those who have confined themselves to this 
one book, and no one of average intelligence would follow the author's 
instructions without laying a broad foundation of knowledge upon which 
he might go on building with ease and confidence. Professor Galloway's 
method can scarcely be called new any longer, for it has stood the test of 
experience* and is thoroughly established in public favour. As arithmetic 
cannot be taught by lectures alone, but requires the pupil himself to per- 
form the operations of addition, subtraction, multiplication, and division, 
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80 Mr. Galloway expects the stadent to go through a series of exercises as 
important to a practical acquaintance with chemistry as the first four roles 
are to those who would comprehend arithmetical calculations. The nomen- 
clature and notation of chemistry, the use of signs and hrackets, the con- 
struction of formuleo, the mode of expressing chemical changes, the method 
of determining the qaantities of the constituents in given quantities of 
compounds, and other equally valuable processes, form the subjects of 
numerous exercises, which are so gradually progressive as to advance the 
student by almost imperceptible degrees from the darkness of total ignor- 
ance to fiimiliarity with the great principles of the science. This is the 
way we learn to read, first the alphabet, then nmple syllables, then words 
of one, two, or three syllables, which we learn to spell for ourselves, and to 
combine with each other. The method is a thousand times more easy and 
more effectual than a study of each of the elements with all its combina- 
tions in succession, which leaves the last lesson nearly as difficult to 
acquire as the first. The ' First Step ' must, therefore, continae to enjoy the 
favour that was shown to former editions as an excellent plan of teaching 
chemistry to the young. Medical students would do well to begin with it- 
Schools that teach chemistry will be sure to give it the preference. Popular 
classes everywhere will employ it. Students who have no teachers can 
procure no better work, and the book must have a still wider field ; for the 
number of those interested in chemical processes as manufacturers is con- 
stantly increasing, and we would advise them, if they have embarked their 
money in such things without understanding them, by all means to begin 
with the ' First Step,' and learn what so much concerns them. In any case 
they would also do well to use aU their just influence over those they 
employ, to encourage them also to the same course." — Medical Press and 
Circular, 
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Price 2#. 6d. 

A KEY, 

Containing Answers to the Questions in the Fourth Edition of 
' The Firet Step in ChemisUy.' 



• The Mret Step in Chemistry,' * The Second Step in Chemietiy* end 
'The Manual of Qualitalive Amilyeit* are recommended by the Com- 
mittee of Privy Council on Education, as Text-books for the Examina- 
tions of the Department of Science and Art. 



CHEMICAL TABLES. 

FOUB LABGE SHEETS, FOR SCHOOLS AHD LECTUEE EOOXS. 

Sbcokd Edition. Pbicb 4f. 6i2. the sbt. 

1. TABLE OP ELEMENTS. WITH THEIR SYMBOLS, ATOMIC 

WEIGHTS, AND SPECIFIC GRAVITIES. 

2. TABLE OF BASES, WITH THEIR SYMBOLS AND COLOUR, 

3. TABLE OF ACIDS, WITH THEIR SYMBOLS, AND THE 

STATE IN WHICH THEY EXIST. 

4. TABLE OP THE GENERAL FORMULA OF SALTS. 

These Tables and the 'First Step,' are placed on the Liit of School 
Books of the EdncatioDal Committee of the Privy Council 



" These tables are intended for schools and lecture-rooms, being printed 
on five large sheets, in characters so bold and distinct that tbey may be dis- 
tinguished at a considerable distance. The first, which covers two pbeets, 
is a Table of the Elements, giving the names of all the difierent metal- 
loids and metals, the chemical symbols, the stomic weights, and the spe- 
cific gpnvities. The names of the rare elements are printed in italics. The 
secoiid table g^ves the names, colours, and symbols of the various basic 
substances; the third, the names, properties, and symbols of the more im- 
portant acids ; and the fourth exhibits the general formulsB of the more 
important salts. These tables ought to be affixed to the walls of every 
sdiool-room in which the natural sciences are taught, and they wonhl 
certainly not be out of place on the walls of any pharmaceutical laboratory. 
Lecturers on chemistry may feel particularly obliged to the excellent 
chemist of the Dublin Industrial Muneum, for having saved them a vast 
expenditure of Indian-ink. time, and trouble."— CAfini»< cad Lmg^iH. 
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